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#01
CNTs for Li-ion
Batteries

Product
Overview

●●●○
○

●●●●
○

●●●●
○

●●●○
○

●●●●
●

MWCNTs enhance Li-ion battery performance
3-10x as conductive additives at lower cost than
SWCNTs, buffering Si-C anodes and trapping
polysulfides.

#02
Nanocomposites for
Sensors

Industry
Report

●●●○
○

●●●○
○

●●●○
○

●●●○
○

●●●●
○

Nanocomposites improve mechanical, thermal,
and barrier properties for wearable sensor chip
embedding, accelerating applications in
aerospace, automotive, and electronics.

#03
Nano-DDS for Gene
Therapy

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

Fusion of tumor-specific promoters and
nanocarriers (LNP, polymer, inorganic) enhances
precision in cancer gene therapy; LNP-based
mRNA/siRNA show clinical success.

#04
Polymer mRNA
Delivery

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

Polymer delivery systems emerge as an
alternative to LNPs for mRNA therapeutics,
improving stability, reducing cytotoxicity, and
enhancing targeting specificity.

#05 CQDs for CO2 to CH4 Research
●●●●

●
●○○○

○
●●●●

○
●●●●

●
●●●○

○

Fluorine-rich carbon quantum dots achieve
63.2% CH4 Faraday efficiency and 210.8 mA
cm⁻² partial current density for selective
CO2-to-CH4 electroreduction.

#06
Nanoparticles in
Adhesives

Industry
Report

●●●○
○

●●●○
○

●●●○
○

●●●○
○

●●●●
○

Nanoparticle additives significantly boost thermal
conductivity in adhesives, forming percolation
networks to improve heat transfer in miniaturized
electronics.

#07
Sustainable PLA/PCL
NC

Research
●●●●

○
●●●○

○
●●●●

○
●●●●

●
●●●●

●

Sustainable PLA/PCL nanocomposites with
MWCNT/G achieve 309% increased impact
strength and enhanced EMI shielding, suitable for
electronics, automotive, aerospace.

#08
Nanoelectronics
Sensing

Research
Overview

●●●●
○

●●○○
○

●●●●
○

●●●○
○

●●●●
●

UC develops CNT/graphene nanoelectronics
sensing for ultra-high sensitivity (pA, fV) and
noise reduction, with applications in medical,
environmental, quantum computing.

#09
Quantum Dot Solar
Cells

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

Next-gen perovskite quantum dot solar cells
achieve certified 18.3% efficiency, advancing
low-cost manufacturing and stability for practical
applications.
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#10
Fluorescent IPA
Nanosensor

New
Product

●●●●
○

●●●○
○

●●●●
○

●●○○
○

●●●○
○

Singapore team develops fluorescent nanosensor
for rapid (minutes) detection of gut health
biomarker IPA, enabling early diagnosis and
personalized treatment.

#11
Lonza mRNA-LNP
Platform

Corporat
e

Strategy

●●●○
○

●●●●
○

●●●●
○

●●○○
○

●●●●
●

Lonza announces adaptable manufacturing
platform for in vivo mRNA-LNP delivery, enabling
CRISPR and cancer immunotherapy for rare
diseases.

#12
Room-Temp QC
Superlattice

Research
●●●●

●
●○○○

○
●●●●

●
●●●○

○
●●●●

●

Brown/Michigan develop nanoscale superlattice
structures, stabilizing a new phase of matter,
paving the way for room-temperature quantum
computing.

#13
mRNA-LNP for
CAR-T

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

○

mRNA-LNP technology emerges as a non-viral
platform for in vivo CAR-T cell engineering,
simplifying manufacturing and avoiding genomic
integration risks.

#14
Ultra-Thin Te
Transistors

Research
●●●●

○
●●○○

○
●●●●

○
●●●○

○
●●●●

○

POSTECH dramatically reduces contact resistance
in ultra-thin tellurium transistors, a breakthrough
for next-gen nanoelectronics and 2D material
devices.

#15 AI Autonomous Lab Research
●●●●

●
●●○○

○
●●●●

●
●●●○

○
●●●●

●

NC State's "Rainbow" autonomous lab accelerates
quantum dot optimization from 7 years to weeks,
performing 1000+ experiments daily with
AI/robotics.

#16
Blue Perovskite
QD-LED

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

○
●●●○

○

Zhengzhou University achieves record 43.91
mW−1 power efficiency for blue perovskite
quantum dot LEDs using polymer dipole
engineering, advancing display tech.

#17 ALD/ALE in Semi Mfg Market
Overview

●●○○
○

●●●●
●

●●●●
●

●●●○
○

●●●●
●

ALD and ALE are critical nanoscale processes
driving next-gen semiconductor device
miniaturization and performance, enabling 3D
structures and ultra-thin layers.

#18
Monash Valleytronics
Chip

Research
●●●●

●
●○○○

○
●●●●

●
●●●○

○
●●●●

○

Monash develops light-driven chip controlling
light's "valley" degree of freedom using atomically
thin materials, accelerating AI and quantum
computing.

#19 Spanish CNT Fiber Research
●●●●

○
●●○○

○
●●●●

○
●●●○

○
●●●●

●

Spanish team enhances conductive CNT fibers
17x via doping, achieving 40% copper
conductivity at 1/6th weight, revolutionizing EVs
and aircraft.

#20
FAPbI3 PQD
Photodetector

Research
●●●●

○
●●○○

○
●●●○

○
●●●●

●
●●●○

○

FAPbI3 perovskite quantum dot photodetector
achieves fast response and wide linear dynamic
range, promising for next-gen sensors and optical
communication.

#21
EU REACH Nano Risk
Eval

Corporat
e

Strategy

●●○○
○

●●●●
●

●●●●
●

●●●●
○

●●●●
●

EU REACH mandates detailed characterization for
nanomaterial registration, including particle size,
shape, and surface chemistry, to improve risk
assessment.

#22 PA ALD Investment
Corporat

e
Strategy

●●○○
○

●●●●
○

●●●●
○

●●○○
○

●●●●
●

Pennsylvania secures $10M investment from Kurt
J. Lesker for ALD process R&D;, advancing
high-performance devices for semiconductor and
quantum tech.

#23
LG Chem Low-R
Pouch Cells

Corporat
e

Strategy

●●●○
○

●●●●
○

●●●●
○

●●●○
○

●●●●
○

LG Chem develops low-resistance nanostructured
electrode materials using CNT/graphene to
minimize internal resistance in pouch cells,
boosting EV/ESS performance.
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#24
EU REACH Nano
Regs

Corporat
e

Strategy

●●○○
○

●●●●
●

●●●●
●

●●●●
○

●●●●
●

EU REACH mandates detailed characterization for
nanomaterial registration, including particle size
distribution and surface chemistry, for substances
in nanoform.

#25
Nanocatalyst for H2
Gen

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●○

○

La-promoted Co-B/Al2O3 nanocatalyst
accelerates room-temp NaBH4 hydrolysis for H2
generation (6057.72 mLH2 min-1 gcat-1),
maintaining 91.63% activity.

#26 PtNiBi Electrocatalyst Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

PtNiBi shell/PtBi core electrocatalyst achieves
33.2 A mg⁻¹ Pt mass activity for methanol
oxidation, co-producing formic acid and enabling
efficient H2 generation.

#27 Seawater Electrolysis Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●○

○

F-doped CoFe layered metal hydroxide enables
high-performance anion exchange membranes
for seawater electrolysis, achieving low
overpotentials for HER and OER.

#28
MXene for Energy
Storage

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●○

○

MXene hybrid composites show excellent
multifunctional properties for energy storage,
with 405 F g⁻¹ specific capacity, 370 F cm⁻³
volumetric capacity, and 92% cycle stability.

#29
AI/ML for LNP
Formulat.

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

AI/ML frameworks accelerate optimization of lipid
nanoparticle (LNP) formulations, enabling
advanced drug delivery and personalized
medicine.

#30 Kuraray Nano Safety
Corporat

e
Strategy

●○○○
○

●●●●
●

●●○○
○

●●○○
○

●●○○
○

Kuraray continues cross-company safety
assessments for nanomaterial products, with its
Important Matters Assessment Committee
reviewing issues in 2025.

#31
PatSnap Report:
Wearables

Market
Overview

●○○○
○

●●●○
○

●●●○
○

●●●○
○

●●●●
○

PatSnap report details selection of
nanocomposites for wearable sensor chip
embedding, enhancing mechanical, thermal, and
barrier properties for aerospace, automotive,
electronics.

#32
PatSnap Report:
Coatings

Market
Overview

●○○○
○

●●●○
○

●●●○
○

●●●○
○

●●●●
○

PatSnap report on how substrate delamination
affects coating barrier performance, emphasizing
nanoparticles for enhanced resistance in
automotive and aerospace.

#33
LNP Drug Delivery
Review

Review
●●○○

○
●●●●

●
●●●●

○
●●●●

●
●●●●

○

Review highlights lipid nanoparticles (LNPs) as
novel drug delivery systems, improving solubility,
bioavailability, and targeted delivery for
personalized medicine and gene therapy.

#34
Nano/Micro Polymer
Fibers

Review
●●●○

○
●●●○

○
●●●○

○
●●●●

●
●●●●

●

MDPI review explores nano/micro polymer fibers
for smart actuation, highlighting lightweight,
mechanical, chemical, and thermal properties for
aerospace, automotive, construction.

#35
P-MWCNT-MOF for
ABS

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●○

○

Multidimensional P-MWCNT-MOF hybrid enhances
flame retardancy and mechanical strength of ABS
composites, surpassing nanoclay, for aerospace,
automotive, construction.

#36
Nano-DDS for
cGAS-STING

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

○

Nano-DDS precisely delivers cGAS-STING
pathway activators to tumors, enhancing
immunotherapy efficacy and reducing systemic
side effects for cancer treatment.

●●●●○ High ●●●○○ Med-High ●●○○○ Med ●○○○○ Low | Yellow highlight = featured article
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Three Questions That Demand Your Decision This Week

❶ Is your R&D; leveraging AI-driven autonomous labs?
NC State's "Rainbow" lab (#15) reduces quantum dot optimization from 7 years to weeks, performing 1000+
experiments daily. This paradigm shift in materials discovery demands immediate assessment of your R&D;
automation strategy. Are you at risk of being outpaced by competitors adopting these high-throughput,
AI-powered methodologies?

❷ Are your mRNA/gene therapy platforms ready for next-gen nanocarriers?
Breakthroughs in polymer delivery systems (#04) and tumor-specific nanocarriers (#03, #36) are overcoming
LNP limitations, enhancing stability and targeting. Lonza's adaptable manufacturing platform (#11) signals
market readiness. Does your drug delivery pipeline incorporate these advanced non-viral, targeted systems, or
are you relying on potentially less efficient or riskier older platforms?

❸ Can your supply chain secure advanced sustainable nanocomposites?
New sustainable PLA/PCL nanocomposites (#07) offer 309% higher impact strength and EMI shielding, while
doped CNT fibers (#19) are 6x lighter than copper with high conductivity. LG Chem is developing
low-resistance nanostructured electrodes (#23). These materials are critical for EVs, aerospace, and
electronics. Is your procurement strategy identifying and qualifying suppliers for these high-performance,
eco-friendly materials to maintain competitive advantage?

Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High

Low Impact Threat > Opp.

←
 O

pp
or

tu
ni

ty
 →

← Threat →

AI Lab QD Opto NanoDDS AdvNano

NanoFab GreenH2

Quantum

Item Quadrant ↑ Opportunity ↓ Threat

● AI Lab Opp. R&D; speed Lagging R&D;

● QD Opto Opp. Next-gen display Market shift

● NanoDDS Critical New therapies Platform obsol

● AdvNano Critical Perf/Sustain Material gap
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● NanoFab Critical Next-gen chips Tech lag

● GreenH2 Critical Clean energy Energy shift

● Quantum Ref. Long-term IP Future relevance
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Deep Dive ① ― AI-Driven Autonomous Labs for Materials Discovery
#15 | 2026/06/03 | NC State News | Tech Novelty●●●●● Proximity●●○○○ Market Impact●●●●● Data
Reliability●●●○○ US/EU Relevance●●●●●

NC State's "Rainbow" autonomous lab has revolutionized quantum dot optimization, compressing a 7-year
human-led process into mere weeks. This AI-driven system conducts up to 1,000 experiments and analyses
daily, autonomously identifying top-tier quantum dots with unprecedented efficiency.

The platform integrates AI and robotics for automated synthesis, characterization, and data analysis. AI
proposes optimal conditions, robots execute experiments, and results feed back into the learning cycle,
drastically accelerating materials exploration beyond traditional trial-and-error methods.

▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The published numbers for R&D; acceleration are highly
realistic given the capabilities of modern AI and robotics. The technical barrier is less about
fundamental science and more about integrating such complex systems into existing R&D;
workflows and ensuring data quality. [Opportunity] for US/European companies to dramatically
shorten product development cycles and reduce R&D; costs, gaining a significant competitive
edge in advanced materials. [Threat] is the risk of falling behind Asian competitors who are
rapidly adopting similar AI-driven R&D; methodologies. Next actions: [R&D;] Form a task force
to evaluate AI/robotics platforms for materials discovery by end of quarter. [Executive] Allocate
budget for pilot projects in autonomous labs within 6 months.

Deep Dive ② ― High-Strength, Conductive Sustainable Nanocomposites
#07 | 2026/06/04 | MDPI | Tech Novelty●●●●○ Proximity●●●○○ Market Impact●●●●○ Data Reliability●●●●●
US/EU Relevance●●●●●

Researchers developed sustainable PLA/PCL blend nanocomposites reinforced with multi-walled carbon
nanotubes (MWCNT) and graphene nanoplatelets (G). This material achieved a 309% increase in impact
strength compared to pure PLA, while maintaining heat deflection temperature.

Manufactured via twin-screw extrusion and injection molding, the PLA/PCL/MWCNT/G composite also
exhibited electrical conductivity of ~6.79 × 10⁻⁵ S/cm and enhanced electromagnetic interference (EMI)
shielding. This significantly improves bioplastics' mechanical and electrical properties for broad applications.

▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The reported 309% impact strength increase is impressive and
appears realistic, backed by peer-reviewed data. Technical barriers include ensuring uniform
dispersion of nanofillers at scale and optimizing long-term durability in diverse environments.
[Opportunity] for US/European OEMs and materials suppliers to integrate high-performance,
sustainable materials into automotive, aerospace, and electronics, meeting both performance
and environmental goals. [Threat] is that Asian competitors may commercialize these
advanced biocomposites faster, capturing market share in critical lightweighting and EMI
shielding applications. Next actions: [Procurement] Initiate discussions with material
developers for samples and pilot production within 1 month. [R&D;] Begin evaluating these
materials for next-generation product lines within 3 months.
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Deep Dive ③ ― High-Activity Electrocatalyst for Methanol Oxidation
#26 | 2026/06/01 | ACS Nano | Tech Novelty●●●●○ Proximity●●○○○ Market Impact●●●●○ Data
Reliability●●●●● US/EU Relevance●●●●●

A strain-induced PtNiBi shell/PtBi core electrocatalyst achieved a record-high mass activity of 33.2 A mg⁻¹ Pt
for methanol oxidation reaction (MOR). This catalyst efficiently produces valuable formic acid while boosting
direct methanol fuel cell (DMFC) peak power density to 175.0 mW cm⁻².

The core-shell design minimizes platinum usage and optimizes its electronic state, enhancing catalytic activity
and stability by reducing CO poisoning. This breakthrough enables efficient H2 generation at low cell voltages
(1.16 V@2.0 A cm⁻²), revolutionizing methanol as a clean energy source.

▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The reported mass activity and power density are excellent and
well-supported by peer-reviewed data. The primary technical barrier is scaling up the synthesis
of this complex core-shell nanostructure while maintaining precise control over strain and
composition, as well as demonstrating long-term stability under continuous operation.
[Opportunity] for US/European energy companies and chemical manufacturers to develop
highly efficient DMFCs and hydrogen production systems, reducing reliance on fossil fuels and
creating new revenue streams from formic acid. [Threat] is that Asian competitors, particularly
in fuel cell and chemical sectors, could gain a lead in commercializing these advanced catalysts,
impacting US/EU energy independence and market position. Next actions: [R&D;] Investigate
partnerships with research institutions for scale-up and long-term testing within 3 months.
[Strategy] Evaluate the economic viability of methanol-to-hydrogen pathways with this new
catalyst by end of year.

Other Notable Articles
Next-Gen Quantum Dot Solar Cells Achieve 18.3% Efficiency (RSC Publishing)
Tech Novelty●●●●○ Proximity●●○○○ Market Impact●●●●○

QDSCs reach 18.3% efficiency with low-cost solution processing, challenging silicon PV and opening doors for
flexible/transparent solar.

Brown/Michigan Pave Way for Room-Temp Quantum Computing (The Debrief)
Tech Novelty●●●●● Proximity●○○○○ Market Impact●●●●●

Nanoscale superlattices stabilize new quantum phases, a fundamental step towards practical,
room-temperature quantum computers, simplifying infrastructure.

mRNA-LNP for in vivo CAR-T Engineering Emerges as Non-Viral Platform (Journal of Controlled Release)
Tech Novelty●●●●○ Proximity●●○○○ Market Impact●●●●○

Non-viral mRNA-LNP for in vivo CAR-T simplifies manufacturing, avoids genomic risks, and expands access to
cancer immunotherapy, reducing cost/complexity.

ALD/ALE Advance Semiconductor Manufacturing (ELE Times)
Tech Novelty●●○○○ Proximity●●●●● Market Impact●●●●●

Atomic Layer Deposition/Etching are crucial for sub-2nm nodes, enabling 3D structures and new materials for
next-gen logic, memory, and power semiconductors.
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Recommended Actions This Week

Action recommendations based on article evaluation matrix and opportunity/threat analysis.

▍Immediate (this week)
• [R&D;] Review current AI/robotics integration in materials discovery and identify immediate pilot
opportunities, referencing NC State's "Rainbow" lab (#15).

• [Strategy] Assess the competitive landscape for advanced nanocarriers in gene and cell therapy,
focusing on non-LNP polymer systems and in vivo CAR-T (#03, #04, #13).

• [Procurement] Identify potential suppliers for high-performance carbon nanotubes and graphene,
especially for battery and composite applications (#01, #07, #19, #23).

▍Short-term (1 month)
• [R&D;] Initiate a pilot project for AI-driven synthesis and characterization for 1-2 key advanced
materials to accelerate discovery (#15).

• [Business Dev] Engage with CDMOs like Lonza (#11) to understand their adaptable manufacturing
platforms for mRNA-LNP delivery and potential partnership opportunities.

• [Procurement] Request samples and technical data for sustainable PLA/PCL nanocomposites (#07)
and advanced conductive CNT fibers (#19) for evaluation in next-gen product lines.

▍Medium-long term (quarter+)
• [Executive] Develop a comprehensive 5-year roadmap for integrating AI and autonomous systems
across all R&D; functions to maintain technological leadership (#15).

• [Strategy] Invest in R&D; for next-generation energy storage and conversion materials, including
MXene composites (#28) and advanced electrocatalysts for green hydrogen (#26, #27).

• [Legal/IP] Establish a dedicated team to continuously monitor and adapt to evolving global
nanomaterial safety regulations, particularly EU REACH (#21, #24), to ensure compliance and
responsible innovation.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-06-07
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ングを加速

#19 スペインの研究チームが導電性カーボンナノチューブ繊維を17倍強化、銅の6分の1の軽さで
EV・航空機に革命

#20 FAPbI3ペロブスカイト量子ドット光検出器が高速応答と広い線形ダイナミックレンジを実現

#21 欧州委員会、ナノ材料のリスク評価に非動物アプローチを検討し化学物質の動物実験廃止ロード

マップを発表

#22 ペンシルベニア州、Kurt J. Lesker社から原子層堆積（ALD）プロセス研究開発に1000万ドルの
投資を誘致、半導体・量子技術向け高性能デバイスを推進

#23 LG Chemが低抵抗ナノ構造電極材料を開発、パウチ型電池の内部抵抗を最小化し性能向上

#24 EU REACH規則、2020年以降ナノフォーム物質の登録に粒径分布・表面化学など詳細な特性評
価を義務化

#25 La促進Co–B/Al2O3ナノ触媒が室温でのNaBH4加水分解による水素生成を6057.72 mLH2 min-
1 gcat-1に加速、91.63%の触媒活性を維持

#26 PtNiBiシェル/PtBiコア電極触媒がメタノール酸化で質量活性33.2 A mg-1 Ptを達成、ギ酸生成
と高効率水素製造を両立

#27 高極性ドープCoFe層状金属水酸化物が海水電解で高性能アニオン交換膜を実現、HER 81.23

mV、OER 265.5 mVで安定動作

#28 MXeneハイブリッド複合材料がエネルギー貯蔵で比容量405 F g⁻¹、体積容量370 F cm⁻³、サイ
クル安定性92%の優れた多機能特性を発揮

#29 AI/MLフレームワーク、脂質ナノ粒子（LNP）製剤の最適化を加速し高度な薬物送達を実現

#30 クラレ、ナノ材料含む製品の企業横断的安全評価を継続、2025年も重要事項アセスメント委員

会で審査を実施

#31 PatSnapレポート「ウェアラブルセンサーのチップ埋め込みにおけるナノ複合材料の選択方法」

#32 PatSnapレポート「コーティングにおける基板剥離がバリア性能に与える影響」

#33 International Journal of Scientific Research and Technologyが脂質ナノ粒子（LNP）を「新
しいドラッグデリバリーシステム」として詳細レビュー

#34 MDPIレビュー：ナノ・マイクロポリマー繊維がスマートアクチュエーション分野を革新、航空

宇宙・自動車・建設分野へ応用拡大

#35 多次元P-MWCNT-MOFハイブリッドがABS複合材料の難燃性と機械的強度を大幅向上、難燃剤と
してナノクレイを凌駕



#36 ナノドラッグデリバリーシステム（ナノDDS）がcGAS-STING経路活性化因子を腫瘍へ精密送達
し免疫療法効果を向上



Multi-Walled Carbon Nanotubes Supercharge Li-ion
Batteries: 3-10x Performance Boost at Competitive
Costs

OVERVIEW

Carbon Nanotubes (CNTs) are emerging as transformative conductive additives for

lithium-ion batteries, delivering 3-10 times the performance enhancement of

traditional carbon black with significantly reduced material requirements. Multi-

walled carbon nanotubes (MWCNTs), in particular, offer near-metallic conductivity at
a fraction of the cost of single-walled variants, making them a cost-effective solution

for improving battery rate capabilities and stability. Beyond current Li-ion chemistries,

MWCNTs are also critical for buffering volume expansion in silicon-carbon anodes

and mitigating polysulfide shuttling in next-generation lithium-sulfur batteries.
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IN DEPTH

Background

The field of nanomaterials, particularly carbon nanotubes (CNTs), stands at the forefront
of advancements in materials science and engineering. The global push for electric
vehicles (EVs) has significantly intensified the demand for high-performance and cost-
effective lithium-ion batteries. In this context, CNTs are emerging as a critical enabling
technology. Replacing traditional conductive additives with CNTs not only enhances
battery energy density and power output but also contributes to manufacturing cost
reductions, driving increased adoption by battery manufacturers. Beyond energy storage,
industries such as aerospace, automotive, and electronics are actively seeking
lightweight, high-strength, and highly conductive composite materials, where CNTs serve
as an ideal nanofiller.

Key Findings

Carbon Nanotubes (CNTs) have demonstrated significant capability in enhancing the
performance of lithium-ion batteries as cathode conductive additives. They achieve
superior rate capabilities while requiring substantially lower additive amounts—
specifically, one-third to one-tenth the quantity of traditional carbon black. Multi-walled
carbon nanotubes (MWCNTs) are of particular industrial interest due to their exceptional
cost-effectiveness and robust properties. These materials offer near-metallic conductivity
at a cost per gram that is 5 to 20 times lower than single-walled carbon nanotubes
(SWCNTs). This advantage has propelled their widespread use in metric-ton quantities
for diverse industrial applications, including polymer composites and EMI shielding.



Technical Details

The exceptional physical properties of CNTs position them as transformative materials
across numerous sectors. These nanomaterials boast a tensile strength 50 times greater
than steel, a current carrying capacity 1,000 times higher than copper, and thermal
conductivity superior to diamond. In lithium-ion batteries, MWCNTs play a crucial role in
buffering the significant volume expansion of silicon-carbon anode composite materials,
thereby improving overall battery stability and cycle life. Furthermore, in next-generation
lithium-sulfur batteries, they act as effective polysulfide traps, a mechanism vital for
mitigating performance degradation. Beyond energy storage, MWCNTs are integral
components in high-performance polymer composites, electromagnetic interference
(EMI) shielding applications, and conductive plastics, where their unique attributes
provide significant performance advantages.

Strategic Significance & Outlook

Continued advancements in MWCNT production techniques and cost efficiency are
expected to accelerate their adoption across an even broader spectrum of industrial
applications. Research and development efforts are currently exploring novel uses for
CNTs in advanced energy storage, flexible electronics, high-performance sensors, and
biomedical fields. As these innovations mature, the market anticipates the introduction
of more high-performance and cost-effective CNT-based products, which will
significantly contribute to sustainable technological progress. The role of CNTs in
enhancing battery performance and enabling new functional materials will become
increasingly critical in shaping future industries.

Source: https://www.cheaptubes.com/what-are-carbon-nanotubes/
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Unlocking Next-Gen Wearables: Nanocomposites
Enhance Chip Embedding for Extreme Environments

OVERVIEW

Novel polymer-based nanocomposites are revolutionizing wearable sensor chip

embedding by significantly enhancing mechanical, thermal, and barrier properties,

paving the way for advanced applications in aerospace, automotive, and electronics.

The strategic incorporation of nanoscale fillers, such as carbon nanotubes for superior

conductivity and strength, and layered clay minerals or metal oxide nanoparticles for

improved barrier and protective qualities, is critical. These materials are poised to

boost the performance, durability, and miniaturization of next-generation wearable

devices, enabling operation in harsh environments.
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IN DEPTH

Background

The wearable sensor market is experiencing rapid growth across diverse sectors,
including healthcare, fitness, and industrial monitoring. This expansion is driven by
strong demand for device miniaturization, enhanced functionality, and improved
durability. Traditional materials have struggled to meet all these requirements, leading to
increased interest in nanocomposites leveraging nanotechnology. Chip embedding
technology is critical for both protecting sensors and maintaining their performance, and
the adoption of nanocomposites allows for the development of next-generation
wearable devices capable of withstanding severe operating conditions. This enables a
wider range of high-reliability applications, such as structural health monitoring in
aircraft and real-time sensing in autonomous driving systems.

Key Findings

In the field of wearable sensor chip embedding, nanocomposites are significantly
improving mechanical, thermal, and barrier properties, opening new application avenues
in aerospace, automotive, and electronics industries. Polymer-based nanocomposites, in
particular, are proving crucial by effectively integrating nanoscale fillers, overcoming the
limitations of existing materials, and enhancing device reliability and performance.

Technical Details

Advancements in nanocomposite technology are primarily achieved through the
integration of various types of nanofillers. For instance, carbon nanotube (CNT)-
reinforced nanocomposites offer superior electrical conductivity and mechanical
strength, making them ideal for high-performance sensors and electronic circuit
substrates. This leads to improved signal transmission efficiency and increased device
durability. The incorporation of layered clay minerals into composites substantially
reduces the permeability to oxygen and moisture, thereby enhancing the barrier
properties of the devices. Metal oxide nanoparticles provide additional functionalities
such as flame retardancy, antimicrobial properties, and UV protection, enabling wearable
sensors to operate in harsh environments. These nanofillers, when uniformly dispersed
within a polymer matrix, synergistically improve the overall properties of the material.



Strategic Significance & Outlook

Research and development in nanocomposites will continue to be a primary driver for
the evolution of wearable sensors. Future advancements are anticipated in hybrid
composites combining different nanofillers and smart composites with self-healing
capabilities. Such developments could extend sensor lifespan and reduce maintenance
costs. Furthermore, as manufacturing processes scale up and costs decrease,
nanocomposites are expected to be adopted in a greater number of wearable devices,
contributing to further market expansion. This technology holds potential impacts
beyond wearables, extending to IoT devices, biocompatible implants, and environmental
sensors across a broad spectrum of applications.

Source: https://eureka.patsnap.com/report-how-to-select-nanocomposites-for-chip-embedding-in-

wearable-sensors
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Precision Oncology Unleashed: Tumor-Specific
Promoters and Nanocarriers Drive Next-Gen Gene
Therapy, LNP-Based mRNA/siRNA Therapies Paving the
Way

OVERVIEW

Precision cancer gene therapy is being transformed by the integration of tumor-

specific promoters and nanodelivery systems, significantly enhancing therapeutic

specificity. A range of nanocarriers, including LNP-based mRNA and siRNA therapies

that have already achieved clinical success, leverage advanced surface engineering to

control biodistribution and selectively deliver agents to cancer cells. This approach

minimizes systemic toxicity and maximizes treatment efficacy.
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IN DEPTH

Background

Traditional chemotherapy has long faced challenges associated with high systemic
toxicity, significantly impairing patients' quality of life. Gene therapy for cancer has
emerged as a promising avenue to overcome these limitations, but it has been
constrained by the need for precise delivery to tumors and minimal off-target effects.
Advancements in nanotechnology provide a powerful tool to address these drug delivery
challenges. The clinical success of LNP-based mRNA vaccines during the COVID-19
pandemic serves as a major milestone for nanocarrier technology in clinical applications,
further fueling expectations for its use in cancer therapy.

Key Findings

In the domain of precision cancer gene therapy, the innovative convergence of tumor-
specific promoters with nanodelivery systems holds immense potential to dramatically
enhance therapeutic specificity. This approach allows therapeutic agents to concentrate
their action on targeted cancer cells, minimizing adverse effects on healthy tissues.
Notably, lipid nanoparticle (LNP)-based mRNA and siRNA therapies have already
demonstrated promising clinical success, validating the efficacy of nanocarrier
technology in this field.

Technical & Clinical Details

Nanocarriers are designed to control drug pharmacokinetics in vivo, promoting selective
accumulation in tumors and facilitating cellular internalization. Key nanocarrier types
include lipid-based systems such as liposomes and LNPs, polymer-based systems, and
inorganic/hybrid nanosystems like gold nanoparticles and metal-organic frameworks
(MOFs). These nanocarriers are engineered to protect therapeutic agents from
degradation in biological environments and to ensure their release into target cells at
optimal times. Furthermore, surface engineering strategies, such as ligand decoration
(attaching molecules that bind to specific receptors on cancer cells to the nanocarrier
surface) and PEGylation (modifying with polyethylene glycol to evade immune
recognition and extend circulation time), are crucial for enhancing systemic
biodistribution and tumor penetration. This allows for the maintenance of effective
therapeutic concentrations at the tumor site while simultaneously reducing systemic
toxicity.



Strategic Significance & Outlook

The integration of tumor-specific promoters and nanodelivery systems is paramount for
shaping the future of precision cancer gene therapy. Future research will focus on
developing more effective targeting strategies, biocompatible nanocarrier materials, and
scaling up and standardizing manufacturing processes. The development of
multifunctional nanocarriers—for instance, those capable of simultaneous drug delivery
and diagnostic imaging—is also underway and is expected to contribute significantly to
the advancement of personalized medicine. Progress in this field has the potential to
dramatically improve treatment outcomes and the quality of life for cancer patients.

Source: https://www.mdpi.com/2674-0583/4/2/10
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Beyond LNPs: Polymer Delivery Systems Promise
Enhanced Stability, Reduced Toxicity, and Targeted
Delivery for mRNA Therapeutics

OVERVIEW

Polymer-based delivery systems are rapidly emerging as a promising alternative to

conventional lipid nanoparticles (LNPs) for mRNA therapeutics. While LNPs have

achieved significant clinical success, particularly in vaccines, they present limitations

including hepatic accumulation, long-term storage instability, and systemic toxicity.
Tunable polymer systems offer precise control over mRNA complexation, protection,

release, and targeted delivery, paving the way for enhanced stability, reduced

cytotoxicity, and broader therapeutic applications across various diseases.
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IN DEPTH

Background

mRNA therapeutics are rapidly expanding their therapeutic potential across a wide range
of disease areas, from infectious disease vaccines to cancer immunotherapy and genetic
disorder treatments. The success of this transformative technology critically depends on
the development of highly effective and safe delivery systems. While lipid nanoparticles
(LNPs) currently represent the gold standard for mRNA delivery, their widespread
systemic administration faces challenges, and there is a pressing need for optimization
regarding long-term storage and manufacturing costs. Polymer-based delivery systems
are emerging as a new generation of solutions to these outstanding challenges, holding
the potential to significantly broaden the therapeutic applicability of mRNA therapeutics
and accelerate the advancement of personalized medicine.

Key Findings

Polymer-based delivery systems for mRNA therapeutics are gaining significant attention
as versatile, high-performance alternatives to lipid nanoparticles (LNPs). These polymer
systems are poised to overcome key challenges associated with LNPs, including hepatic
accumulation, lack of long-term storage stability, and systemic toxicity. They offer
enhanced capabilities for precisely controlling mRNA complexation, protection,
intracellular release, and targeted delivery to specific cells and tissues.



Technical & Clinical Details

Polymer-based delivery systems allow for precise tuning of their physicochemical
properties, such as size, charge, and surface modifications, enabling optimization of
mRNA therapeutic performance. For instance, polyethyleneimine (PEI) derivatives are
extensively studied cationic polymers known for efficient mRNA delivery into cells.
Poly(β-amino esters) boast excellent biocompatibility and biodegradability, alongside
pH-responsive drug release capabilities. Furthermore, lipid-polymer hybrid systems
combine the advantages of LNPs with the tunability of polymers to further enhance
stability and delivery efficiency. The primary objective of these systems is to protect
mRNA from degradation, facilitate its passage across cell membranes into the cytoplasm,
and enable the translation of the desired protein. While LNPs achieved remarkable
clinical success with COVID-19 mRNA vaccines, their in vivo biodistribution tends to be
largely restricted to the liver, leaving unresolved issues related to targeting other organs
and potential systemic toxicity.

Future Outlook

Further optimization of polymer-based delivery systems is poised to significantly
advance the clinical application of mRNA therapeutics. Future research will focus on
developing more biocompatible and less immunogenic polymer materials, designing
intelligent responsive polymers for enhanced target specificity, and establishing scalable
process technologies suitable for large-scale manufacturing. This progress is expected to
expand the application of mRNA therapeutics to diseases that were challenging to
address with LNPs, as well as to chronic conditions requiring safer and more sustained
drug release. Polymer systems represent a crucial step towards making mRNA
therapeutics accessible to a broader patient population.

Source: https://www.mdpi.com/2073-4425/17/6/646
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Fluorine-Rich Carbon Quantum Dots Set New Efficiency
Benchmarks for CO2-to-Methane Conversion

OVERVIEW

Researchers have developed fluorine-rich carbon quantum dots (F1-CQDs) with up to

28.8 at.% fluorine, achieving exceptional performance in the selective electroreduction

of CO2 to CH4. This catalyst demonstrated a CH4 Faraday efficiency of 63.2% and a

partial current density of 210.8 mA cm⁻² in a flow cell. The breakthrough lies in semi-

ionic C-F bonds creating Lewis base sites that stabilize CO2 reduction intermediates

and precisely modulate hydrogen dynamics, enabling highly selective CH4

production.
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IN DEPTH

Background

With the escalating global warming crisis, technologies for converting emitted CO2 into
valuable fuels or chemical feedstocks (CO2 electroreduction) have become a critical
research area for building sustainable energy systems. High selectivity and efficiency in
methane (CH4) production are particularly sought after, given its potential for use as
natural gas and its broad applications as a chemical feedstock. Historically, challenges
have included the reliance on expensive noble metal catalysts, low selectivity, or
excessive energy input. The F1-CQDs developed in this study, based on inexpensive
carbon materials, demonstrate performance comparable to or exceeding noble metal
catalysts, representing a significant step towards addressing these challenges.

Key Findings

In the selective electroreduction of CO2 to CH4, researchers have developed fluorine-rich
carbon quantum dots (F1-CQDs) containing up to 28.8 at.% fluorine, demonstrating
exceptional catalytic performance. Under flow cell conditions, this catalyst achieved a
high CH4 Faraday efficiency of 63.2% and a CH4 partial current density of 210.8 mA cm⁻²,
significantly enhancing the efficiency of converting CO2 into a valuable chemical.

Technical Details

The superior performance of these F1-CQDs is attributed to their unique electronic
structure. Detailed analysis combining in situ spectroscopy and density functional theory
(DFT) calculations revealed that the semi-ionic C-F bonds within F1-CQDs act as Lewis
base sites, stabilizing CO2 reduction intermediates. These sites not only promote the
adsorption and activation of CO2 molecules but also facilitate water activation and the
transient formation of active hydrogen (*H) at adjacent carbon sites. This precise
modulation of hydrogen dynamics favors the selective conversion pathway from CO2 to
CH4, effectively suppressing competing hydrogen evolution reactions (HER). While
conventional catalysts often suffer from low CH4 selectivity due to competitive CO2 and
H2O reactions, F1-CQDs overcome this challenge by optimizing the hydrogen activation
pathway via C-F bonds.



Strategic Significance & Outlook

The F1-CQDs technology holds great potential for accelerating CO2 emission reduction
and renewable energy integration. Future efforts will focus on evaluating the long-term
stability of this catalyst, developing scalable production processes, and demonstrating its
performance under actual industrial conditions. Further precise control over fluorine
incorporation methods and the local electronic state of fluorine atoms could also lead to
research aimed at enhancing selectivity for specific hydrocarbons other than CH4. This
breakthrough is expected to contribute to the advancement of carbon recycling
technologies and pave the way for sustainable chemical processes, ultimately aiding in
the transition away from fossil fuel dependence.

Source: https://www.researchgate.net/publication/405452968_Semi-Ionic_C-

F_Bonds_Modulate_Hydrogen_Dynamics_for_Selective_CO_2_-to-
CH_4_Electroreduction_on_Carbon_Quantum_Dots
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Nanoparticle Additives Revolutionize Thermal
Management in Electronics Adhesives

OVERVIEW

As electronic devices rapidly miniaturize, enhancing adhesive thermal conductivity is

crucial for sustaining performance and reliability. Integrating thermally conductive

nanoparticles (e.g., carbon nanotubes, graphene derivatives, metals, ceramics) into

polymer-based adhesives forms percolation networks, drastically improving heat

transfer efficiency and overcoming the inherent low thermal conductivity of

traditional polymers. While this bolsters thermal management, ongoing optimization

focuses on mitigating interfacial thermal resistance and advancing nanoparticle

surface functionalization.
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IN DEPTH

Background

Modern electronic devices are characterized by increasing performance, miniaturization,
and high integration. This trend has made managing heat generated within increasingly
confined spaces a paramount design challenge. For high-heat-generating devices like
power semiconductors, LED lighting, and communication equipment, conventional
adhesives with poor thermal dissipation have proven to be a significant bottleneck,
leading to reduced product lifespans and compromised performance. Thermally
conductive adhesives incorporating nanoparticles are emerging as a highly anticipated
solution within the industry, promising to address these critical thermal issues and
enhance the design freedom and reliability of next-generation electronics.

Key Findings

The rapid miniaturization of electronic devices necessitates significant improvements in
adhesive thermal conductivity to maintain device performance and reliability.
Nanoparticle additives offer a transformative solution, dramatically enhancing the heat
transfer efficiency of conventional polymer-based adhesives. Traditional polymer
adhesives struggle with low thermal conductivity, hindering efficient heat dissipation
from densely packed electronic components. This limitation is overcome by
incorporating thermally conductive nanoparticles—such as carbon nanotubes, graphene
derivatives, metallic, and ceramic nanoparticles—into the adhesive's polymer matrix.
These nanoparticles interlink to form efficient "percolation networks," creating pathways
for heat transport that significantly boost the overall thermal conductivity of the
adhesive, thereby preventing component overheating and ensuring stable performance.



A critical challenge, however, is the interfacial thermal resistance (Kapitza resistance)
between the nanoparticles and the polymer matrix, which can bottleneck heat transfer.
Overcoming this requires advanced nanoparticle surface functionalization techniques; for
instance, introducing functional groups that enhance affinity with the polymer
strengthens interfacial bonding and further improves thermal conductivity. Looking
ahead, ongoing research and development will focus on designing even more efficient
heat transfer pathways, achieving further reductions in interfacial thermal resistance, and
establishing uniform nanoparticle dispersion techniques viable for large-scale
production. Material design that maximizes thermal conductivity without compromising
other vital adhesive properties—including flexibility, adhesive strength, and long-term
reliability—remains a key objective. The advancement of this technology promises to
enable smaller, more powerful, and durable electronic devices, with expected ripple
effects across diverse sectors such as electric vehicles, aerospace, and renewable energy
systems.

Source: https://eureka.patsnap.com/report-how-additive-nano-particles-boost-thermal-conductivity-in-
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Sustainable PLA/PCL Nanocomposite Achieves 309%
Impact Strength Boost and Enhanced EMI Shielding

OVERVIEW

A new sustainable poly(lactic acid) (PLA)/poly(ε-caprolactone) (PCL) blend

nanocomposite, reinforced with multi-walled carbon nanotubes (MWCNT) and

graphene nanoplatelets, has been developed. This material boasts a remarkable 309%

increase in impact strength over pure PLA while maintaining its heat deflection

temperature, alongside achieving an electrical conductivity of approximately 6.79 ×

10⁻⁵ S/cm and enhanced electromagnetic interference (EMI) shielding in the 8.2–18

GHz range. This advancement significantly elevates the mechanical and electrical

properties of bioplastics, opening doors for their use in high-performance

engineering applications.
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IN DEPTH

Industry Context

The development of sustainable materials is an urgent imperative for reducing
environmental impact and realizing a circular economy. Bioplastics like poly(lactic acid)
(PLA) and poly(ε-caprolactone) (PCL) have garnered significant attention due to their
biodegradability and renewability. However, they have historically faced challenges
regarding inferior mechanical and electrical properties compared to conventional
plastics. Consequently, active research has focused on improving bioplastic performance
through the incorporation of high-performance nanofillers. The outcomes of this study
represent a crucial step towards establishing bioplastics not merely as alternative
materials, but as high-functional engineering materials in their own right.

Key Findings

A high-strength, high-conductivity nanocomposite material, derived from a sustainable
poly(lactic acid) (PLA)/poly(ε-caprolactone) (PCL) blend reinforced with multi-walled
carbon nanotubes (MWCNT) and graphene nanoplatelets (G), has been developed. This
composite material demonstrates a 309% increase in impact strength compared to pure
PLA, achieves an electrical conductivity of approximately 6.79 × 10⁻⁵ S/cm, and exhibits
enhanced electromagnetic shielding performance in the 8.2–18 GHz frequency range.

Technical Details

This research incorporated MWCNT and graphene nanoplatelets at a specific ratio (4/2
phr) into a PLA and PCL blend. The material was fabricated using twin-screw extrusion
and injection molding, processes known for their ease of industrial scale-up. This
manufacturing approach ensured uniform dispersion of the nanofillers within the
composite, contributing to the overall enhancement of material properties. Notably, the
composite overcame the inherent brittleness of pure PLA, boosting its impact strength
by 309%. This improvement is attributed to the effective formation of stress transfer
pathways and energy absorption mechanisms by MWCNTs and graphene within the
material structure. Furthermore, maintaining the heat deflection temperature (HDT) is
crucial for ensuring structural stability in high-temperature environments. Regarding
electrical conductivity, the MWCNTs and graphene established a conductive network
within the composite, achieving a practical level of approximately 6.79 × 10⁻⁵ S/cm, and
confirming its electromagnetic shielding capabilities.



Future Outlook

This sustainable, high-strength, and highly conductive nanocomposite material holds
promise for a wide range of applications, including electronic device casings, automotive
components, sports equipment, and construction materials. Given its ability to combine
lightweight properties with high mechanical strength and electromagnetic shielding
performance, it is particularly well-suited for electronic devices requiring electromagnetic
noise countermeasures and transportation equipment where weight reduction is critical.
Future research will likely focus on further optimizing nanofiller types and blending
ratios, evaluating long-term durability, and investigating methods to reduce
manufacturing costs. These efforts are expected to significantly contribute to both the
realization of a sustainable society and the widespread adoption of high-performance
materials.

Source: https://www.mdpi.com/2571-8797/8/3/86
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UC Breakthrough: Nanomaterial Sensors Achieve
Unprecedented Picoampere, Femtovolt Sensitivity

OVERVIEW

Researchers at the University of California have developed a groundbreaking

nanoelectronics sensing technology utilizing carbon nanotube and graphene-based

elements. This innovation achieves ultra-high sensitivity, detecting picoampere-level

currents and femtovolt voltage changes, alongside significant noise reduction.

Expected to revolutionize fields like medical diagnostics, environmental monitoring,

and quantum computing, this technology enables precise detection of faint signals

across diverse technological domains.
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IN DEPTH

Background

Modern society demands high-sensitivity and high-precision sensing across diverse
fields, including medical diagnostics, environmental pollutant monitoring, advanced
security systems, and next-generation computing technologies. Traditional sensing
technologies have faced limitations, particularly in detecting early disease biomarkers
and trace harmful substances in the environment. Nanoelectronics sensing technology
represents a breakthrough for these unsolved challenges, promising faster and more
accurate information that will contribute to improving societal safety and health.

Key Findings

Researchers at the University of California have developed a groundbreaking
nanoelectronics sensing technology utilizing sensing elements based on carbon
nanotubes and graphene. This new technology combines ultra-high sensitivity, capable
of detecting minute current changes at the picoampere (pA) level and extremely faint
voltage changes at the femtovolt (fV) level, with excellent noise reduction capabilities.

Technical & Clinical Details

The core of this technology lies in carbon nanotubes (CNTs) and graphene, materials
characterized by atomic-level thinness and exceptional electrical properties. These
nanomaterials offer significantly higher surface-area-to-volume ratios and electron
mobility compared to conventional semiconductor materials. The research team
precisely structured CNTs and graphene to create sensing elements that react with
extreme sensitivity to subtle external physical, chemical, or electrical stimuli. This ultra-
high sensitivity is achieved by maximizing the interaction area with the target analyte
and leveraging quantum effects inherent to the nanoscale. Furthermore, optimized
material design and signal processing algorithms substantially suppress environmental
noise, enabling highly reliable data acquisition.



Future Outlook

This groundbreaking nanoelectronics sensing technology holds the potential to
revolutionize a wide array of application fields. In medicine, it could enable disease
diagnosis at very early stages, accelerating the advancement of personalized medicine.
For environmental monitoring, it promises real-time detection of trace pollutants,
enhancing the effectiveness of conservation efforts. Furthermore, in quantum
computing, this technology could contribute to developing elements capable of stable
quantum state detection and manipulation without requiring cryogenic environments,
marking a significant step towards room-temperature quantum computers. Accelerated
research and development are anticipated for further miniaturization, integration, and
reduction of manufacturing costs for this technology.

Source: https://eureka.patsnap.com/report-improve-sensitivity-of-sense-leads-in-nanoelectronics
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Next-Gen Perovskite Quantum Dot Solar Cells Achieve
Certified 18.3% Efficiency, Advancing Low-Cost, Stable
Photovoltaics

OVERVIEW

Recent advancements in materials science and device engineering have propelled

perovskite quantum dot solar cells (QDSCs) to a certified efficiency of 18.3% as of

2025. This breakthrough, driven by low-cost solution-processing techniques like spin

coating and advanced ligand exchange strategies for enhanced stability, positions
QDSCs with efficiency comparable to silicon, coupled with superior manufacturing

cost advantages, accelerating their commercial viability.

Published Published June 04, 2026  RSC Publishing  UK



IN DEPTH

Background and Industry Context

Solar power generation is gaining global importance as a renewable energy source, but
broader adoption necessitates higher efficiency and lower-cost technologies. While
conventional silicon-based solar cells are mature, they face limitations in terms of
manufacturing cost and energy consumption. Quantum dot solar cells, characterized by
their solution-processability, have garnered attention as a next-generation technology
with diverse application potential, including flexible substrates and transparent solar
cells. The results of this research demonstrate that QDSCs are not only catching up to the
efficiency of traditional technologies but also possess the potential to significantly
transform the market through their inherent cost advantages.

Key Findings

Next-generation perovskite quantum dot solar cells (QDSCs) have achieved a landmark
certified efficiency of 18.3% as of 2025. This breakthrough is the result of synergistic
advancements in materials science, device engineering, and performance optimization,
significantly contributing to the realization of low-cost manufacturing via solution
processing and enhanced stability crucial for practical application.

Technical Details

Quantum dot solar cells convert light into electricity by utilizing quantum dots—
semiconductor nanocrystals—to absorb photons and generate electron-hole pairs. The
18.3% efficiency achieved in this research was primarily enabled by the following
technical advancements: First, new approaches in quantum dot synthesis were adopted
to improve crystal quality and reduce defects. This suppresses carrier recombination,
thereby enhancing photoelectric conversion efficiency. Second, solution-processing
manufacturing methods, such as spin coating, were established, allowing for large-scale,
low-cost production without the need for complex vacuum equipment. This represents a
significant cost reduction compared to conventional silicon solar cell manufacturing.
Furthermore, an advanced ligand exchange strategy was developed to optimize the
passivation layer on the quantum dot surface, leading to improved long-term stability.
Ligands play a crucial role in controlling the surface state of quantum dots and
passivating surface defects that can cause efficiency degradation.



Future Outlook

The achievement of a certified efficiency of 18.3% signifies a major step forward for
quantum dot solar cells toward commercialization. Future research and development will
focus on further increasing this efficiency, demonstrating long-term outdoor durability,
establishing large-area module manufacturing techniques, and developing customized
QDSCs to meet various application needs. In particular, solution-processed
manufacturing holds the promise of early market entry due to its potential for
integration without significant changes to existing infrastructure. The widespread
adoption of this technology will significantly contribute to diversifying the global energy
mix and building sustainable energy supply systems.

Source: https://pubs.rsc.org/en/content/articlehtml/2026/ra/d6ra02771g?page=search
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Singapore Team Develops Minutes-Fast Fluorescent
Nanosensor for Key Gut Health Biomarker

OVERVIEW

Researchers in Singapore have engineered a novel fluorescent nanosensor capable of

rapidly detecting Indole-3-propionic acid (IPA), a crucial biomarker indicative of gut

health and disease. This innovative platform leverages a fluorescence-based approach

to provide an optical readout within minutes, offering a significantly faster and more

accessible alternative to conventional analytical techniques. This breakthrough

promises earlier, non-invasive assessment of gut microbiome health, paving the way

for improved early diagnosis and personalized treatments for conditions like

inflammatory bowel disease and metabolic disorders.

Published Published June 02, 2026  National Institute of Education, Nanyang Technological
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IN DEPTH

Background

The intricate link between gut microbiome health and overall systemic well-being is
increasingly recognized, influencing the onset and progression of numerous conditions,
including inflammatory bowel disease (IBD), irritable bowel syndrome (IBS), diabetes,
obesity, and neurodegenerative disorders. Indole-3-propionic acid (IPA), a vital
metabolite produced by gut bacteria, has garnered significant attention as a crucial
indicator of gut health due to its established anti-inflammatory and antioxidant
properties. However, the absence of rapid and convenient methods for measuring IPA
has historically hindered routine gut health monitoring and early disease detection. This
new nanosensor directly addresses this pressing diagnostic need, poised to make a
substantial impact across the medical landscape.

Key Findings

A collaborative research team from Singapore's National Institute of Education (NIE) and
the Singapore-MIT Alliance for Research and Technology (SMART) has successfully
developed an innovative fluorescent nanosensor designed for the rapid detection of
Indole-3-propionic acid (IPA), a critical biomarker for gut health and disease. This
groundbreaking technology allows for IPA detection in a mere matter of minutes,
representing a substantial advancement in speed and simplicity compared to traditional
analytical methods.

The developed fluorescent nanosensor operates on a sophisticated yet elegant principle:
specific nanomaterials selectively bind with IPA molecules, initiating a measurable
change in fluorescence intensity. This modulation in fluorescence is then optically read to
quantitatively determine IPA concentrations within a given sample. Engineered at the
nanoscale, the sensor exhibits exceptionally high sensitivity and specificity, enabling the
accurate detection of even trace amounts of IPA present in complex biological samples.



Conventional IPA detection methods, such as liquid chromatography-mass spectrometry
(LC-MS), are inherently time-consuming and demand specialized, expensive equipment
and extensive technical expertise. In stark contrast, this novel nanosensor eliminates the
need for large, dedicated instruments, providing results within minutes using a simple
optical reader. This ease of use positions the technology as a promising candidate for
point-of-care (POC) diagnostics and large-scale screening initiatives, significantly
enhancing its applicability in both clinical settings and potential future home-use
scenarios.

Implications and Future Outlook

This fluorescent nanosensor holds immense potential to revolutionize gut health
monitoring and accelerate early disease diagnosis. Future work will focus on further
rigorous validation within clinical environments and the expansion of the platform into
multiplex sensors capable of simultaneously detecting a panel of other relevant gut
biomarkers. The researchers also envision the development of a user-friendly home-use
kit, which would empower individuals to continuously monitor and manage their own
gut health. This personalized approach could significantly contribute to tailored
nutritional guidance and the broader realization of preventive medicine. The widespread
adoption of this technology is expected to profoundly accelerate gut microbiome
research, deepen our understanding of systemic diseases mediated by gut health, and
drive the development of innovative therapeutic strategies.

Source: https://www.ntu.edu.sg/media/docs/nielibraries/scanned-newspaper-clippings/media-release---
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Lonza Pioneers Adaptive Manufacturing for In Vivo
mRNA-LNP Therapies, Unlocking CRISPR for Rare
Diseases and Cancer Immunotherapy

OVERVIEW

Lonza has unveiled an adaptive manufacturing platform designed to accelerate the

development and production of in vivo mRNA-lipid nanoparticle (LNP) delivery

systems. This breakthrough technology promises to unlock new disease-modifying

therapies, including in vivo CRISPR treatments for rare diseases and innovative
immunotherapies for cancer. By streamlining complex manufacturing and

emphasizing targeted delivery, Lonza aims to expand the reach of mRNA-LNP

technology, making safe, effective, and personalized medicines more accessible

globally.

Published Published June 01, 2026  BioXconomy  Switzerland
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Overview and Industry Context

Lonza, a leading contract development and manufacturing organization (CDMO), has
announced the launch of an adaptive manufacturing platform tailored for in vivo mRNA-
lipid nanoparticle (LNP) delivery. This significant advancement arrives at a critical
juncture for pharmaceutical development, where mRNA technology, propelled into the
spotlight by the success of COVID-19 vaccines, continues to demonstrate immense
potential. LNPs have emerged as the gold standard for protecting mRNA payloads and
ensuring their efficient delivery into target cells. However, scaling up manufacturing for
systemic in vivo administration and achieving precise targeting to specific cell types or
tissues have presented formidable challenges concerning complexity, stability, and
safety. Lonza's platform addresses these bottlenecks, positioning itself as a crucial
enabler for pharmaceutical companies aiming to rapidly develop and commercialize a
diverse pipeline of mRNA-LNP-based therapeutics.

Platform Capabilities and Therapeutic Breakthroughs

The newly developed manufacturing platform is engineered to streamline the intricate
production processes of mRNA-LNPs, offering unparalleled flexibility to accommodate
diverse mRNA payloads and LNP formulations. This adaptability is critical for the rapid
scale-up of therapy-specific nanoparticle designs and the consistent production of high-
quality therapeutics. The platform is designed to facilitate the supply of groundbreaking
disease-modifying drugs, including in vivo CRISPR therapies for previously untreatable
rare diseases and innovative immunotherapies for various cancers.

Successful in vivo delivery hinges on the mRNA-LNP complex precisely reaching and
effectively functioning within target tissues and cells. Lonza underscores the paramount
importance of this targeted nanoparticle delivery. The platform likely integrates
advanced techniques for optimizing LNP surface modification, size, and composition,
thereby enhancing delivery efficiency not only to hepatic (liver) cells, which are often
easily targeted, but crucially, also to extrahepatic cells and tissues.



Targeted Delivery and Mechanism of Action

For in vivo CRISPR therapies, the platform enables the efficient encapsulation and
delivery of mRNA encoding the CRISPR gene-editing tools. Once delivered into specific
cells within the body, these tools can edit targeted genes, addressing the fundamental
genetic causes of various diseases. This approach promises a paradigm shift for rare and
intractable genetic disorders. Similarly, in the realm of cancer immunotherapy, the
platform facilitates the delivery of mRNA encoding specific cancer antigens. Upon
cellular uptake, these mRNAs instruct the body's own machinery to produce the
antigens, thereby activating the patient's immune system to recognize and attack cancer
cells. Both modalities represent a leap forward, offering potentially safer and more
effective treatment alternatives for conditions where conventional therapies have fallen
short.

Strategic Implications and Future Outlook

Lonza's adaptive manufacturing platform is poised to be a pivotal factor in accelerating
the commercialization of in vivo mRNA-LNP delivery. The industry anticipates that
leveraging this platform will propel a greater number of mRNA-LNP-based therapeutics
through clinical development and ultimately into the hands of patients. The acceleration
of groundbreaking therapies, particularly for rare and complex diseases, holds the
potential to profoundly transform the landscape of modern medicine. Lonza's ongoing
commitment to innovation in manufacturing technology is set to contribute significantly
to the broader adoption and improved accessibility of mRNA-LNP therapeutics, further
advancing the realization of personalized medicine on a global scale.

Source: https://www.bioxconomy.com/modalities/adaptable-manufacturing-platforms-enable-in-vivo-
mrna-lnp-delivery-says-lonza
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Brown and Michigan Scientists Unveil Nanoscale
Superlattice Paving Way for Room-Temperature
Quantum Computing

OVERVIEW

Researchers from Brown University and the University of Michigan have successfully

stabilized a new, theoretically predicted phase of matter using precisely engineered

nanoscale building blocks. This superlattice breakthrough holds significant potential

for various quantum applications, most notably enabling quantum computing at
room temperature. Achieving quantum operations at ambient temperatures would

drastically simplify systems, reduce costs, and accelerate the widespread adoption of

quantum technologies, marking a transformative step forward in the field.
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Background

Quantum computing holds immense potential to revolutionize diverse fields, from drug
discovery and materials science to financial modeling, through its unparalleled
computational power. Consequently, global investment in quantum technologies is
accelerating, with governments and major corporations dedicating vast resources to gain
a competitive edge. However, a significant barrier to the practical implementation and
widespread adoption of quantum computing has been the demanding requirement for
ultracold environments—often near absolute zero—for current technologies such as
superconducting qubits and ion traps. The complex, large-scale infrastructure needed to
maintain these extreme conditions has severely limited accessibility and escalated
operational costs.

Key Findings

A collaborative research team from Brown University and the University of Michigan has
achieved a significant breakthrough: the stable generation of a new phase of matter,
previously only theorized, by precisely manipulating nanoscale building blocks. This
groundbreaking structure, termed a “superlattice,” provides a critical pathway toward
realizing quantum computing at room temperature and promises to accelerate
innovation across the entire field of information science.

The researchers constructed these nanoscale superlattices by alternately stacking
extremely thin layers of different materials. Through this meticulous design, they
discovered that a novel “quantum phase” is stably maintained within the material,
wherein electrons and other quantum degrees of freedom exhibit specific, predicted
behaviors. Crucially, this new quantum phase demonstrates remarkable robustness
against external thermal noise, suggesting the potential to sustain quantum coherence—
the ability to maintain a quantum state—for comparatively long durations even under
ambient conditions.

The technical approach involved advanced nanofabrication techniques, including Atomic
Layer Deposition (ALD) and Molecular Beam Epitaxy (MBE), allowing for the exquisite
control over the thickness and composition of each individual layer. This level of
precision was essential for engineering the desired quantum properties.



The realization of quantum computing that operates at room temperature would
overcome the major barrier of cryogenic requirements, dramatically enhancing the
accessibility of quantum technology. This development is not only critical for significantly
reducing research and development costs but also for expanding quantum applications
into a much wider array of fields, ultimately paving the way for general-purpose
quantum computers.

Beyond quantum computing, this superlattice breakthrough opens doors for next-
generation ultra-low-power electronics, highly sensitive sensors, and devices exhibiting
novel material properties. Future research will focus on further optimizing the stability
and coherence time of this new quantum phase and, critically, on constructing practical
elements that can function as qubits. Should practical room-temperature quantum
computers materialize, they would solve complex problems currently intractable for
classical computers, vastly expanding the frontiers of scientific and technological
endeavor. This discovery has the potential to be a true “game-changer,” blurring the
boundaries between physics and engineering and redefining the future of information
science.

Source: https://thedebrief.org/room-temperature-quantum-computing-a-superlattice-breakthrough-

could-be-poised-to-help-supercharge-information-science/

Collected: June 06, 2026 | Automated Research System (Gemini API)

https://thedebrief.org/room-temperature-quantum-computing-a-superlattice-breakthrough-could-be-poised-to-help-supercharge-information-science/
https://thedebrief.org/room-temperature-quantum-computing-a-superlattice-breakthrough-could-be-poised-to-help-supercharge-information-science/


mRNA-LNP: The Non-Viral Platform Revolutionizing In
Vivo CAR-T Cell Engineering

OVERVIEW

The convergence of messenger RNA (mRNA) and lipid nanoparticle (LNP) delivery

technology is poised to transform in vivo CAR-T cell engineering. This non-viral

platform promises significant advantages over conventional viral vectors, including

simplified manufacturing processes, elimination of genomic integration risks, and

enhanced scalability. Ultimately, this innovation could dramatically lower CAR-T

therapy costs and complexity, expanding access to a broader patient population and

potentially revolutionizing cancer treatment.
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Background

Chimeric Antigen Receptor (CAR-T) cell therapy has revolutionized oncology,
demonstrating remarkable efficacy, particularly in hematological malignancies. However,
the current paradigm for CAR-T involves a complex, time-consuming, and expensive ex
vivo manufacturing process, which severely limits patient access. This established
approach requires extracting a patient's T cells, genetically modifying them with viral
vectors to express a CAR, expanding them in vitro, and then reinfusing them back into
the patient—a process spanning several weeks and incurring substantial costs. The
advent of in vivo CAR-T engineering aims to fundamentally address these limitations by
enabling direct genetic modification of T cells within the patient's body. Furthermore, the
successful deployment of mRNA-LNP technology in COVID-19 vaccines has firmly
established its safety, efficacy, and reliability as a robust therapeutic delivery platform,
setting the stage for its application in advanced cell therapies.

Key Findings

A pivotal development is the emergence of messenger RNA (mRNA) delivered via lipid
nanoparticles (LNPs) as a non-viral platform for in vivo CAR-T cell engineering. This
innovative approach offers substantial advantages over conventional viral vector
methods, promising simplified CAR-T cell manufacturing, elimination of genomic
integration risks, and a more scalable therapeutic design.

Unlike the current ex vivo paradigm, in vivo CAR-T engineering leverages mRNA-LNP
technology to directly deliver CAR genetic instructions to T cells within the patient's
body. A key safety advantage stems from mRNA's non-integrating nature, which
bypasses the risks of insertional mutagenesis and oncogenicity associated with viral
vectors. Moreover, mRNA's transient expression profile offers a crucial safety valve: if
adverse effects occur, CAR-T cell activity can naturally subside, providing greater control
compared to permanent genetic modifications. LNPs are critical to this process,
encapsulating and protecting the delicate mRNA payload from degradation while
ensuring efficient delivery to target cells.



This paradigm shift holds the potential to drastically reduce manufacturing costs and
turnaround times, thereby addressing the significant economic and accessibility barriers
of existing CAR-T therapies. Ongoing research is actively focused on optimizing LNP
composition and surface modifications to enhance targeting specificity and efficiency
towards desired T cell subsets.

The deployment of mRNA-LNP technology for in vivo CAR-T cell engineering represents
a potential paradigm shift in cancer immunotherapy. Future research and development
efforts will concentrate on optimizing CAR expression efficiency and duration in vivo,
minimizing off-target delivery, and rigorously establishing long-term safety profiles.
Should this technology prove successful in clinical trials, it promises to deliver a faster,
more affordable, and broadly accessible CAR-T therapy, offering new hope to a wider
range of cancer patients. Beyond oncology, the versatility of the mRNA-LNP platform
also positions it for exciting applications in other gene therapy and regenerative
medicine fields.

Source: https://insidetx.com/resources/reviews/in-vivo-car-t-engineering-the-role-of-mrna-lnp-
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Breaking the Barrier: POSTECH Engineers Drastically
Reduce Contact Resistance in Ultra-Thin Te Transistors
for Next-Gen Electronics

OVERVIEW

Researchers at POSTECH have achieved a significant breakthrough in nanotechnology

by dramatically lowering the contact resistance in ultra-thin tellurium (Te) transistors.

This innovation, published in *ACS Nano*, involves a novel redesign of the metal-

semiconductor contact structure. The development marks a crucial step towards
resolving performance and energy efficiency challenges in next-generation

semiconductor devices, paving the way for further miniaturization, higher speeds, and

enhanced feasibility of 2D material-based electronics.
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Background

The relentless advancement of information technology hinges on the continuous
improvement and miniaturization of semiconductor devices. For decades, Moore's Law
has been the guiding principle for the semiconductor industry, yet as physical limits are
approached, achieving performance gains solely through miniaturization has become
increasingly challenging. This paradigm shift has spurred global efforts to develop next-
generation transistors leveraging two-dimensional (2D) materials such as graphene and
molybdenum disulfide (MoS2). However, a persistent and critical obstacle to realizing
high-performance devices with these ultra-thin materials has been the optimization of
their metal contacts. Specifically, the contact resistance at the interface between the
metal electrodes and the atomic-level thin 2D semiconductor channel is a well-known
bottleneck that significantly impedes overall device performance.

Key Findings

A research team at Pohang University of Science and Technology (POSTECH) has
achieved a significant breakthrough by dramatically reducing contact resistance in ultra-
thin tellurium (Te) transistors through an innovative redesign of the metal-semiconductor
contact structure. This pioneering work has been published in the prestigious
international journal, *ACS Nano*.

The team leveraged the unique intrinsic properties of tellurium, a distinct 2D
semiconductor, to establish a novel nanoscale method for optimizing the interface with
metal electrodes. Their specific approach involves forming new chemical bonds between
the metal atoms and tellurium atoms. This engineered interface creates a significantly
smoother pathway for electrons to transfer efficiently between the metal and the
semiconductor. Consequently, this method drastically lowers contact resistance
compared to conventional device designs, leading to a substantial increase in the
transistor's on-state current and an improvement in switching speed. This represents a
highly sophisticated approach that enhances device performance not merely through
physical miniaturization, but by fundamentally controlling the electronic structure at the
interface.



This breakthrough provides a crucial solution to a long-standing challenge in next-
generation nanoelectronics, with profound implications for research and development.
The technology for reducing contact resistance in ultra-thin Te transistors is anticipated
to find wide-ranging applications, from mainstream consumer electronics like
smartphones and PCs, to high-performance computing, IoT devices, and even quantum
computing. Lower contact resistance directly translates to reduced power consumption,
extending battery life and mitigating heat generation in devices. Future research will
focus on assessing the reproducibility of this technology, its applicability to large-scale
manufacturing, and its versatility across various 2D materials. This advancement
undoubtedly marks a pivotal milestone in accelerating the realization of next-generation
electronic devices that are smaller, faster, and more power-efficient.

Source: https://www.miragenews.com/ultra-thin-breakthrough-resistance-falls-1684506/
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NC State's 'Rainbow' Lab Cuts Quantum Dot
Optimization from 7 Years to Weeks, Driving Rapid
Discovery with 1,000+ Daily Experiments

OVERVIEW

North Carolina State University's 'Rainbow' autonomous laboratory has dramatically

accelerated the optimization of next-generation quantum dots, reducing a process

that would take human researchers approximately seven years to just a few weeks. By

automatically conducting up to 1,000 experiments and analyses daily, this AI-driven
system efficiently identifies top-tier quantum dots, fundamentally transforming the

speed of scientific discovery and potentially revolutionizing materials science research

by significantly shortening development lead times and reducing costs.
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Background

Quantum dots (QDs) are nanomaterials with promising applications across diverse fields,
including next-generation displays (QLED), solar cells, bioimaging, and quantum
computing. However, identifying QDs with optimal performance has historically been a
highly challenging and time-consuming endeavor, constrained by complex chemical
synthesis pathways and a vast array of experimental parameters. Global materials science
research is actively seeking faster and more efficient methods for new material
development. In response, autonomous laboratories leveraging AI and robotics are
emerging as a cutting-edge approach, a push further supported by investments from
entities like the U.S. Department of Defense, recognizing their potential to bolster
national technological superiority.

Key Findings

North Carolina State University's autonomous laboratory, dubbed 'Rainbow,' has
achieved a remarkable breakthrough in optimizing next-generation quantum dots. This
AI-driven system has slashed a process that would typically take human experimentation
approximately seven years down to a mere few weeks. By autonomously executing up to
1,000 experiments and analyses daily, Rainbow has demonstrated unparalleled efficiency
in identifying top-tier quantum dots, marking a significant leap in the pace of scientific
discovery.



Technical Details and Methodology

'Rainbow' is a fully autonomous materials science research platform that seamlessly
integrates artificial intelligence (AI) with advanced robotics. The system independently
carries out the entire process of quantum dot synthesis, characterization, and data
analysis without human intervention. Specifically, AI leverages historical experimental
data and theoretical models to propose the next optimal experimental conditions.
Robotic arms then execute these instructions automatically, performing tasks such as
precise reagent mixing, reaction initiation, and sample collection. Subsequently,
automated analytical instruments evaluate the optical and electronic properties of the
synthesized quantum dots. These comprehensive results are fed back into the AI,
completing a closed-loop learning cycle. This iterative process of learning and
experimentation allows for a far more efficient exploration of the vast materials discovery
space compared to traditional 'trial-and-error' approaches. Previously, optimizing
quantum dots involved manually adjusting numerous parameters (e.g., temperature,
pressure, reagent concentration, reaction time), often taking several years to identify a
single optimized composition. Rainbow dramatically shortens this timeline, effectively
resolving a major bottleneck in new materials development.

Future Outlook and Broader Implications

The success of NC State's 'Rainbow' laboratory holds profound implications, not just for
materials science but also for accelerating discovery processes across other scientific
disciplines, including chemistry, biology, and pharmacology. Moving forward, the
capabilities of this autonomous lab are expected to extend beyond quantum dots,
applicable to exploring various new materials and optimizing the properties of existing
ones. Widespread adoption of this AI-driven approach is anticipated to significantly
reduce R&D lead times, fostering more rapid technological innovation and industrial
application. Ultimately, this paradigm of AI-driven science is poised to become a
powerful tool for more swiftly identifying solutions to global challenges in energy,
healthcare, and environmental sustainability.

Source: https://news.ncsu.edu/2026/06/speeding-up-scientific-discovery/

Collected: June 06, 2026 | Automated Research System (Gemini API)

https://news.ncsu.edu/2026/06/speeding-up-scientific-discovery/


Zhengzhou University Breakthrough: Polymer Dipole
Engineering Propels Blue Perovskite QD-LEDs to Record
43.91 mW−1 Power Efficiency

OVERVIEW

Researchers at Zhengzhou University have developed a polymer dipole engineering

strategy that dramatically enhances the power efficiency of blue perovskite quantum

dot light-emitting diodes (PQD-LEDs). By integrating poly(1,1-difluoroethylene)

(PVDF) into the emission layer, they achieved a record 43.91 mW−1, a breakthrough
attributed to improved electron transport and surface defect passivation. This

advance pushes the boundaries for blue light device performance, paving the way for

more efficient and stable next-generation displays and lighting technologies.
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Background

Blue light-emitting devices are fundamental to modern photonics, serving as one of the
primary colors for white LED lighting and full-color displays. Traditional organic light-
emitting diodes (OLEDs) and quantum dot LEDs (QLEDs) have consistently faced
challenges in achieving high emission efficiency and stability for blue light, particularly
when compared to their red and green counterparts. The global research race to develop
high-performance blue emissive materials is intense, directly impacting display color
gamut expansion and energy efficiency improvements. Perovskite quantum dots (PQDs)
have emerged as highly promising candidates due to their exceptional
photoluminescence quantum efficiency and color purity, yet their practical application
has been hindered by inherent instability and variability in device performance, especially
for blue emissions.

Key Findings

Researchers at Zhengzhou University have successfully achieved a breakthrough in the
power efficiency of blue perovskite quantum dot light-emitting diodes (PQD-LEDs) by
applying polymer dipole engineering. Specifically, they integrated poly(1,1-
difluoroethylene) (PVDF) into the emissive layer, resulting in a record-breaking power
efficiency of 43.91 mW−1. This marks a significant step towards the commercial viability
of blue PQD-LEDs.

The team adopted a novel "polymer dipole engineering" approach by introducing PVDF,
a fluorinated polymer with a high electrical dipole moment, into the PQD emission layer.
This integration yielded multiple synergistic benefits. Firstly, the dipole moments of PVDF
optimize the energy levels between the charge transport layer and the emissive layer,
thereby facilitating electron injection and transport. This leads to improved current-
voltage characteristics, enabling higher luminance at lower operating voltages. Secondly,
PVDF effectively passivates surface defects on the PQDs. Surface defects are a primary
cause of non-radiative recombination (energy loss without light emission), which
degrades efficiency. By blocking these defect sites, PVDF enhances the efficiency of
radiative recombination, consequently boosting the overall luminous efficiency.



These combined effects collectively contributed to achieving an unprecedented power
efficiency of 43.91 mW−1 for blue PQD-LEDs, setting a new benchmark for reported
performance in the field.

Future Outlook

This polymer dipole engineering strategy represents a crucial breakthrough for the
commercialization of blue PQD-LEDs. Future work will focus on evaluating the long-term
stability of this technology, scaling up manufacturing processes, and exploring its
applicability across various device architectures. Crucially, highly efficient blue emission
directly contributes to the advancement of high-definition QLED displays, flexible
displays, micro-LED technology, and next-generation lighting solutions. This
development is expected to deliver more vivid and energy-efficient visual experiences to
consumers and profoundly impact the broader optoelectronic device industry.

Source: https://www.perovskite-info.com/polymer-dipole-engineering-enables-efficient-blue-perovskite-
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Atomic Precision Unleashed: ALD and ALE Drive Next-
Gen Semiconductor Miniaturization and Performance

OVERVIEW

Atomic Layer Deposition (ALD) and Atomic Layer Etching (ALE) are emerging as

critical nanoscale processes essential for advancing next-generation semiconductor

device miniaturization and performance. These technologies transcend conventional

Moore's Law limits, enabling novel functionalities and complex 3D structures through

unparalleled atomic-level precision in film thickness control and uniformity. Their

application is vital for evolving logic, memory, and power semiconductors, paving the

way for the future of integrated circuits.
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Background

For decades, the semiconductor industry has doubled transistor density in accordance
with Moore's Law. However, this pace is slowing due to physical limitations and
escalating manufacturing costs. To overcome these challenges, the industry is shifting its
focus beyond traditional miniaturization to embrace 3D structuring, the introduction of
novel materials, and atomic-level precision control technologies. ALD and ALE serve as
foundational pillars supporting these next-generation advancements, being actively
adopted and developed by leading semiconductor manufacturers and research
institutions worldwide. Their importance is continuously rising, especially with the
growing demand for advanced logic, high-performance memory, and devices with new
functionalities (e.g., AI chips, IoT devices).

Key Findings

In the realm of semiconductor manufacturing, nanoscale precision processes like Atomic
Layer Deposition (ALD) and Atomic Layer Etching (ALE) are increasingly recognized as
indispensable core technologies for the miniaturization and performance enhancement
of next-generation semiconductor devices. These technologies play a decisive role in
transcending the limitations of conventional Moore's Law, bringing new functionalities
and superior performance to semiconductor devices.



Technical Details

ALD is a thin-film deposition technique that leverages self-limiting surface reactions by
alternately introducing precursor gases, enabling atomic-layer-level film growth. This
process offers exceptional film thickness control, uniformity, and the ability to
conformally deposit films onto complex 3D structures. For instance, in next-generation
3D NAND flash memory and FinFET transistors, ALD is crucial for forming uniform
insulating and high-k dielectric films within high-aspect-ratio trenches and fin structures.
ALE, often considered the inverse process of ALD, selectively removes material one
atomic layer at a time. This enables pattern formation with extremely high selectivity and
anisotropy (where the vertical etch rate is significantly faster than the lateral rate),
achieving precise fabrication of minute circuit structures. By combining these
technologies, semiconductor manufacturers can produce a wide variety of high-
performance devices, including logic devices at 2nm nodes and below, high-density
memory, and power semiconductors. ALD and ALE are also being applied in the research
and development of quantum devices and novel materials, facilitating nanoscale material
control.

Outlook

The continued evolution of ALD and ALE technologies is indispensable for shaping the
future of the semiconductor industry. Future R&D will focus on expanding their
applicability to a broader range of materials, enhancing process speed, optimizing cost
efficiency, and further reducing defect density. Particular emphasis is expected on
technologies enabling the deposition of composite materials and more complex atomic-
layer manipulations (e.g., hybrid ALD-CVD processes). These advancements will empower
semiconductor devices with enhanced performance and multifunctionality, continuing to
provide the foundation for next-generation innovative technologies such as AI, 5G/6G
communication, autonomous driving, and quantum computing. ALD and ALE are poised
to carve out new frontiers for sustainable growth and technological innovation in the
semiconductor industry.

Source: https://www.eletimes.ai/advances-in-core-technologies-for-semiconductor-manufacturing
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Monash University Unveils Light-Driven Chip
Harnessing Photonic 'Valley' Degree of Freedom for
Next-Gen AI and Quantum Computing

OVERVIEW

Researchers at Monash University have engineered a compact chip that utilizes

atomically thin materials and nanoscale structures to precisely control the 'valley'

degree of freedom, a unique quantum property of light. This light-driven device can

generate, manipulate, and read optical information all within a single chip. This
breakthrough promises to significantly accelerate artificial intelligence and quantum

computing by enabling ultra-fast, ultra-low-power calculations, laying the

groundwork for next-generation computing architectures.
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Background

The relentless expansion and increasing complexity of data are pushing modern
computing technologies, particularly electronic-based silicon chips, to their physical
limits. Demanding applications like AI's deep learning models and complex quantum
computations necessitate vast computational resources and enormous energy
consumption, driving an urgent need for faster, more energy-efficient computing
paradigms. Optical computing has long been explored as a promising solution; however,
challenges in controlling light-matter interactions and the integration and processing of
optical information have hindered its widespread adoption. Monash University's recent
breakthrough addresses these long-standing issues by introducing a novel approach
that directly leverages the quantum properties of light via its 'valley' degree of freedom,
paving the way for practical light-driven chips.

Key Findings

A team of scientists at Monash University has successfully developed a compact chip
capable of generating, manipulating, and reading light-based information entirely within
a single device. This significant achievement stems from the precise control of light's
'valley' degree of freedom—a unique quantum property—using atomically thin materials
and finely tuned nanoscale structures. This breakthrough is anticipated to dramatically
accelerate artificial intelligence (AI) and quantum computing while enhancing energy
efficiency.



At the heart of this novel chip lies its ability to optically control the 'valley degree of
freedom' in two-dimensional materials. While conventional semiconductors rely on
electron charge or spin for information transfer, the valley degree of freedom represents
a new information carrier, linked to electrons residing in specific 'valleys' within
momentum space. The research team meticulously fabricated nanoscale structures, such
as specifically shaped metasurfaces and optical waveguides, onto atomically thin
semiconductor materials. This allowed them to efficiently guide and convert photons
into desired valley states. As a result, the chip can generate valley information using
light, propagate it without loss internally, and ultimately read it out optically. This 'light-
driven valley information processing' paradigm overcomes the inherent challenges of
traditional electronic chips, such as resistive losses and heat generation, paving the way
for ultra-fast and ultra-low-power information processing. Specifically, information can
be processed at speeds approaching that of light, offering the potential to drastically
improve AI learning and inference speeds, and enable more efficient, coherent
information transfer between qubits in quantum computing systems. This optical chip
holds transformative potential for AI accelerators and quantum computing hardware
development. Future efforts will focus on enhancing chip integration and building
systems capable of tackling even more complex computational tasks. Should this
technology prove scalable for mass production, it could lead to substantial reductions in
data center power consumption, significant performance boosts for edge AI devices, and
a faster pathway to the commercialization of quantum computing. In the long term, this
light-driven valley information processing technology is expected to underpin next-
generation supercomputers and unlock entirely new computational frontiers, thereby
advancing scientific discovery and societal innovation.

Source: https://www.sciencedaily.com/releases/2026/06/260601025343.htm
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Spanish Innovation: Carbon Nanotube Fibers Achieve
17x Conductivity Boost, Offering Copper-like
Performance at a Sixth of the Weight for EVs and
Aviation

OVERVIEW

Researchers in Spain have made a significant breakthrough, successfully enhancing

the electrical conductivity of carbon nanotube (CNT) fibers by an impressive 17-fold

through tetrachloroaluminate doping. This innovation yields a material that provides

approximately 40% of copper's conductivity at room temperature and a specific

conductivity surpassing aluminum, all while being an astonishing six times lighter

than copper. This groundbreaking material is poised to revolutionize the transport

and energy sectors by enabling crucial lightweighting and performance

improvements in electric vehicles (EVs), aircraft, and power transmission

infrastructure.
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Background

The electric vehicle (EV) and aerospace industries are grappling with an urgent need for
lightweighting to enhance performance, improve fuel efficiency, and extend operational
range. For EVs, the increasing size and capacity of batteries inherently add to the overall
vehicle weight, creating a critical demand for lightweight, high-conductivity materials in
applications ranging from battery cables and motor wiring to structural components.
Similarly, in aviation, reducing the weight of airframe structures and internal wiring is
paramount for optimizing fuel efficiency and increasing payload capacity. Traditional
conductive materials like copper and aluminum, while effective, are inherently heavy.
This weight constraint limits design flexibility and efficiency gains, making the
development of lighter, yet equally or more performant, alternatives a strategic
imperative for next-generation transportation.

Key Findings

A research team in Spain has achieved a remarkable breakthrough, dramatically
improving the electrical conductivity of carbon nanotube (CNT) fibers by a factor of 17.
This significant enhancement was accomplished through a novel doping process
involving tetrachloroaluminate. The resulting advanced CNT fiber exhibits approximately
40% of copper's electrical conductivity at room temperature, while boasting a specific
conductivity (conductivity per unit mass) that surpasses aluminum. Crucially, this high
performance is achieved with an astonishingly low density, making the material six times
lighter than copper. This development introduces a new class of lightweight, highly
conductive material with the potential to revolutionize the transport sector, particularly
for electric vehicles and aircraft.



Technical Details

At the core of this research lies a sophisticated doping technique that precisely
introduces tetrachloroaluminate (TCA) into the internal structure of carbon nanotube
fibers. While conventional CNT fibers are renowned for their exceptional mechanical
properties, their electrical conductivity has historically been a limiting factor compared to
traditional metals. The Spanish team discovered that tetrachloroaluminate ions
effectively interact with the electronic structure of the CNTs, dramatically increasing the
concentration of charge carriers and thereby boosting conductivity by 17 times. This
carefully controlled doping process optimizes the electrical performance of the CNT
fibers without compromising their inherent lightweight characteristics or mechanical
strength. Specifically, the new material achieves 40% of copper's conductivity at room
temperature while possessing a density that is only about one-sixth that of copper. This
implies that for transmitting the same amount of electrical current, only about 15% of
the weight of copper would be required, making its specific conductivity superior to that
of aluminum. Such a lightweight and highly conductive material offers substantial
advantages across a broad spectrum of electrical applications, including advanced
cables, coils, electrodes, and electromagnetic shielding materials.

Industry Impact and Context

The current reliance on heavy traditional conductors like copper and aluminum poses
significant challenges for industries striving for greater efficiency and sustainability. The
ability to replace these materials with a CNT-based solution that offers superior specific
conductivity and drastically reduced weight could have a transformative impact across
industrial sectors. This technology effectively breaks through existing material limitations,
offering unprecedented design freedom for engineers developing next-generation
transportation systems. Beyond EVs and aircraft, this innovation is poised to influence a
wide array of electrical applications where weight reduction is critical, from portable
electronics to advanced robotics, paving the way for more efficient and performant
designs.



Future Outlook

The breakthrough in tetrachloroaluminate-doped CNT fibers extends its potential far
beyond the transportation sector, holding promise for applications in enhancing the
efficiency of power transmission grids, developing high-performance electronic devices,
and optimizing renewable energy systems. The research team's immediate future efforts
will focus on evaluating the long-term stability of this novel material, establishing
scalable production technologies, and optimizing cost-efficiency for industrial adoption.
Successful commercialization could lead to significantly extended ranges for electric
vehicles, substantial improvements in aircraft fuel efficiency, and contribute to the
establishment of more efficient and sustainable electrical infrastructures globally. This
innovative material is positioned to spearhead an industry-wide "light, strong, and
smart" materials revolution, driving advancements across diverse technological
landscapes.

Source: https://advancedcarbonscouncil.org/blogpost/2151389/519574/Six-times-lighter-than-copper-

this-new-carbon-material-could-transform-electric-vehicles-and-aircraft&
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FAPbI3 Perovskite Quantum Dot Photodetectors:
Unlocking High-Speed, Wide Dynamic Range Sensing

OVERVIEW

A new study reports on self-powered photodetectors leveraging FAPbI3 perovskite

quantum dots (PQDs). These devices capitalize on the PQDs' narrow bandgap, high

stability, and long carrier lifetimes to achieve a combination of high-speed response

and a wide linear dynamic range. This breakthrough promises to advance next-

generation sensors, optical communication, and imaging technologies requiring

highly precise optical signal detection, underscoring the multifunctional potential of

perovskite quantum dots.
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Background & Industry Context

Photodetectors are fundamental components underpinning information communication,
sensing, and imaging technologies in modern society. Demand for higher-performance,
lower-cost, and energy-efficient photodetectors is rapidly increasing, driven by the
proliferation of IoT devices, the advancement of 5G/6G communications, and the
evolution of autonomous driving technologies. While conventional silicon-based
photodetectors are mature, they face limitations in terms of sensitivity within specific
wavelength ranges, cost, or integrability. Perovskite quantum dots have recently
garnered significant attention as novel materials with the potential to overcome these
challenges. The results of this study concretely demonstrate the immense potential of
perovskite materials, thereby accelerating the development of next-generation
photodetectors.

Key Breakthroughs

A self-powered photodetector based on FAPbI3 perovskite quantum dots (PQDs) has
been successfully developed, showcasing remarkable performance characteristics. This
innovative photodetector notably combines high-speed response with a wide linear
dynamic range, thereby opening significant possibilities for next-generation optical
sensing technologies.



Technical Deep Dive & Applications

FAPbI3 PQDs are garnering significant attention due to their unique physical properties.
Their narrow bandgap enables efficient absorption of light across a broad wavelength
spectrum, leading to high quantum efficiency. Furthermore, their superior ambient
stability promises reliable operation under real-world conditions. Crucially, the long
lifetime of charge carriers (electrons and holes) ensures that photogenerated carriers are
efficiently collected before recombination, contributing to a high photocurrent. These
attributes not only position them as promising candidates for high-performance
quantum dot solar cells but also make them exceptionally well-suited for photodetector
applications. Being self-powered, these devices can operate without an external power
source, contributing to energy-efficient system designs. The achieved high-speed
response means the detectors can accurately track rapid changes in optical signals, while
a wide linear dynamic range allows for precise measurements across a broad spectrum
of light intensities, from very faint to strong. Consequently, these detectors are
anticipated to find use in diverse applications requiring high-precision optical detection,
such as LiDAR systems for autonomous vehicles, high-speed optical communication,
security imaging, and biosensors for medical diagnostics.

Outlook & Future Directions

The achievement of high-speed response and a wide dynamic range in FAPbI3 PQD
photodetectors opens new frontiers in optical detection technology. Future research will
likely focus on further improving the long-term stability of these devices, establishing
large-scale production techniques, and optimizing sensitivity across different spectral
ranges. Integration onto flexible substrates and application in complex sensor systems
are also anticipated. Should this technology be commercialized, it is expected to bring
transformative impacts across various industrial sectors, including enhancing the speed
and capacity of optical communication networks, enabling safer and more intelligent
autonomous driving systems, and significantly improving the accuracy of medical
diagnostics.

Source: https://www.researchgate.net/publication/405719839_Self-
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European Commission Unveils Roadmap to Phase Out
Animal Testing, Paving Way for Advanced
Nanomaterial Risk Assessment

OVERVIEW

The European Commission has released a landmark roadmap detailing its strategy to

phase out animal testing for chemicals. This comprehensive initiative specifically

includes exploring regulatory pathways for qualifying and integrating non-animal

approaches in the risk assessment of nanomaterials, acknowledging their unique
complexities. Driven by both ethical imperatives and scientific advancements, this

roadmap aims to foster the development and adoption of novel, animal-independent

methodologies, particularly for substances like nanomaterials with intricate behaviors,

setting a precedent for international regulatory harmonization and sustainable

product innovation.
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Background

Mounting ethical concerns surrounding animal experimentation have long driven public
and political pressure for its phase-out, notably leading to the existing ban on animal
testing for cosmetics within the European Union. Concurrently, the rapid proliferation of
nanotechnology has introduced a growing number of nanomaterials into the market,
presenting an urgent challenge for public health and environmental protection regarding
their safety assessment. Traditional animal testing methods are not only expensive and
time-consuming but also face limitations in their extrapolative relevance to humans due
to species-specific differences. The European Commission's newly unveiled roadmap
represents a strategic direction to address these multifaceted challenges, aiming to
reconcile scientific progress with ethical demands, and is garnering significant
international attention.

Key Findings

The European Commission has formally announced a comprehensive roadmap for the
gradual phase-out of animal testing for chemicals. This significant initiative is designed
not only to enhance animal welfare but also explicitly includes the consideration of a
"regulatory exploration space" for the qualification and integration of non-animal
approaches in the risk assessment of chemicals, specifically encompassing
nanomaterials. This signifies a proactive stance toward modernizing safety evaluation
methodologies while addressing ethical concerns.

Technical & Regulatory Pathways

At the core of this roadmap is the ambitious goal of developing and scientifically
validating novel, non-animal approaches, including in vitro testing, in silico modeling
(computer simulations), organoid technologies, and machine learning algorithms.
Nanomaterials, in particular, are known to exhibit distinct biological interactions and
toxicity profiles compared to conventional chemicals, owing to their unique
physicochemical properties such as size, shape, surface area, and aggregation behavior.
Consequently, their safety assessment necessitates new testing strategies that
incorporate nano-specific considerations.



The roadmap underscores the critical importance of robust validation processes to
ensure these non-animal approaches meet regulatory requirements, alongside
establishing a clear framework for regulatory authorities to accept these new data.
Specific action points include the development and standardization of new non-animal
test methods, comparative validation of data from existing animal tests against non-
animal alternatives, and fostering enhanced cooperation among regulatory bodies,
industry, and academia. This concerted effort aims to reduce reliance on expensive and
time-consuming animal experiments, paving the way for a more rapid, ethical, and
efficient safety assessment system.

Outlook

This roadmap for phasing out animal testing is poised to instigate a significant
transformation in the methodologies used for chemical and nanomaterial safety
assessment. Looking ahead, it is anticipated that investment in the research and
development of non-animal approaches will accelerate, leading to the establishment of
new testing methods as official regulatory guidance. This shift promises to make the
development process for new products, including those incorporating nanomaterials,
more ethical and efficient, potentially reducing time-to-market.

Furthermore, Europe's proactive stance is likely to influence regulatory bodies in other
countries and regions, thereby promoting the international adoption and harmonization
of alternative testing methods. Ultimately, this initiative is expected to contribute to a
society where safer and more sustainable products are developed, accompanied by
enhanced animal welfare standards.

Source: https://single-market-economy.ec.europa.eu/document/download/dff698bf-4852-4898-9f0d-
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Pennsylvania Secures $10M Investment from Kurt J.
Lesker for Advanced ALD R&D, Fueling Next-Gen
Semiconductor and Quantum Technologies

OVERVIEW

Pennsylvania has announced a significant $10 million investment from the Kurt J.

Lesker Company to advance research and development in Atomic Layer Deposition

(ALD) processes. This capital injection will accelerate critical thin-film material science,

particularly for aluminum scandium nitride (AlScN), enabling high-performance
devices crucial for semiconductor and quantum technology advancements. The

initiative not only strengthens Pennsylvania's leadership in advanced manufacturing

and job creation but also propels the performance and efficiency of next-generation

electronics.
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A Strategic Investment for Pennsylvania

Pennsylvania Governor Josh Shapiro has announced a pivotal $10 million investment
from the Kurt J. Lesker Company for research and development into Atomic Layer
Deposition (ALD) processes within the state. This substantial commitment is set to drive
advanced materials research, focusing on crucial thin films such as aluminum scandium
nitride (AlScN), which are indispensable for enabling high-performance devices across
cutting-edge fields like semiconductors and quantum technologies.

Technical Deep Dive: The Promise of ALD and AlScN

Atomic Layer Deposition (ALD) stands as a cornerstone technology for manufacturing
next-generation semiconductor devices, renowned for its ability to deposit ultra-thin
films with atomic-level precision. As a leader in vacuum technology and thin-film
deposition equipment, Kurt J. Lesker Company's R&D efforts will zero in on optimizing
these ALD processes. A particular focus will be placed on aluminum scandium nitride
(AlScN), a material garnering significant attention due to its exceptional piezoelectric
properties and high electron mobility. These attributes make AlScN ideal for critical
applications such as 5G/6G communication filters, Micro-Electro-Mechanical Systems
(MEMS) devices, and high-frequency power electronics.

The investment will catalyze research into optimizing AlScN thin-film deposition
processes, enhancing crystal quality, and refining electrical characteristics. Furthermore, it
will support the development of novel materials and structures vital for quantum
technologies, including advanced insulating and protective films designed to improve
qubit stability. ALD's sub-nanometer precision is key to dramatically improving device
performance and reliability in these demanding applications. The research scope will also
encompass the development of new precursor chemistries, reduction of process
temperatures, and scale-up techniques for high-volume manufacturing.



Global Semiconductor Race and National Strategy

The semiconductor industry forms the bedrock of the global digital economy, prompting
governments worldwide to invest heavily in securing supply chains and maintaining
technological superiority. This investment in Pennsylvania aligns with a broader national
strategy to bolster U.S. semiconductor manufacturing and R&D capabilities. As the
semiconductor industry grapples with the inherent limits of Moore's Law, ALD
technology emerges as an indispensable tool for achieving further miniaturization and
performance enhancements. It is a foundational technology supporting the evolution of
high-performance computing, artificial intelligence, the Internet of Things (IoT), and
quantum computing. Investments from specialized companies like Kurt J. Lesker
accelerate the innovation cycle, stimulate regional economies, and foster the
development of a highly skilled workforce.

Paving the Way for Next-Gen Technologies and Economic Growth

Kurt J. Lesker Company's $10 million investment is poised to play a crucial role in
establishing Pennsylvania as a leading hub for advanced thin-film technology and
semiconductor R&D. Breakthroughs stemming from this research are expected to
accelerate the commercialization of more efficient and higher-performance
semiconductor and quantum devices. The successful commercialization of novel
materials like AlScN will unlock new market opportunities and significantly enhance
Pennsylvania's manufacturing competitiveness. Beyond mere technological
advancement, this investment carries profound strategic significance, strengthening the
regional innovation ecosystem and acting as a powerful driver for future economic
growth.

Source: https://www.pa.gov/governor/newsroom/2026-press-releases/governor-shapiro-secures--10-
million-investment-from-the-kurt-j-
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LG Chem Pioneers Nanostructured Electrodes for Ultra-
Low Resistance Pouch Cells, Revolutionizing EV and ESS
Performance

OVERVIEW

LG Chem is spearheading the development of advanced low-resistance

nanostructured electrode materials, specifically engineered to minimize internal

resistance in pouch-type batteries through sophisticated cathode and anode

engineering. Their research centers on creating electrode structures with increased
surface area and shortened ion diffusion paths, leveraging carbon nanotube (CNT)

additives and graphene-enhanced conductive agents to build highly conductive

networks. This breakthrough significantly enhances battery performance, contributing

to higher energy density, power output, and extended cycle life critical for electric

vehicles (EVs) and energy storage systems (ESS).
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Background

As electric vehicles (EVs) and energy storage systems (ESS) become more widespread,
there is an escalating demand for higher-performance lithium-ion batteries. EV batteries,
in particular, require high energy density for extended driving range, high power output
for rapid charging, and long cycle life for durability over prolonged use. Pouch-type
batteries, widely adopted for EVs due to their flexible form factor and superior thermal
management characteristics, have nonetheless faced the reduction of internal resistance
as a critical technical challenge to meet these escalating demands. The focus by leading
battery manufacturers like LG Chem in this area is crucial for establishing a competitive
edge in the global battery technology race.

Key Findings

LG Chem has made significant strides in developing low-resistance materials that
minimize the internal resistance of pouch-type batteries, leveraging advanced cathode
and anode materials engineering. Their research is focused on creating nanostructured
electrode materials that increase electrode surface area and shorten ion diffusion
pathways, specifically utilizing carbon nanotube (CNT) additives and graphene-enhanced
conductive agents to establish highly conductive networks within the electrode structure.

Technical Deep Dive

Internal resistance in pouch-type lithium-ion batteries is a critical performance indicator,
directly influencing charge/discharge efficiency, heat generation, and cycle life. To
mitigate this, LG Chem's research team has adopted two primary approaches:
nanostructuring electrode materials and optimizing conductive additives.
Nanostructured electrode materials are designed at the nanoscale for active material
particles, maximizing the contact area with the electrolyte and accelerating the
intercalation and deintercalation rates of lithium ions. This shortens ion diffusion
pathways and suppresses resistance increases during high-rate charging and
discharging.



Furthermore, highly conductive nanomaterials like carbon nanotubes (CNTs) and
graphene are uniformly dispersed within the electrode matrix as conductive additives to
strengthen the electron conduction network. CNTs, with their high aspect ratio and
excellent conductivity, efficiently facilitate electron transfer within the electrode even
with minimal addition. Graphene, boasting a vast surface area and high conductivity,
comprehensively boosts the overall conductivity of the electrode. The synergistic effect
of these nanomaterials enhances electronic conductivity between electrodes, resulting in
a substantial reduction in the overall internal resistance of pouch cells.

Future Outlook

LG Chem's development of low-resistance nanostructured electrode materials holds the
potential to dramatically enhance the performance of next-generation pouch-type
batteries. Moving forward, this technology is expected to accelerate the realization of EV
batteries that simultaneously achieve high energy density and high power output,
contributing to shorter charging times and extended driving ranges. Furthermore, for
ESS supporting the integration of renewable energy, it will enable the construction of
more efficient and stable power storage systems. By further advancing this technology,
optimizing manufacturing processes, and improving cost efficiency, LG Chem aims to
strengthen its leadership in the global battery market and make significant contributions
to the realization of a sustainable energy society.

Source: https://eureka.patsnap.com/report-research-on-materials-to-minimize-internal-resistance-in-
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REACHing Deeper: EU Mandates Rigorous Nanoform
Characterization from 2020

OVERVIEW

Effective January 1, 2020, the EU REACH regulation has imposed stringent new legal

requirements on companies manufacturing or importing nanoform substances.

Registrants are now obligated to provide comprehensive characterization data,

including detailed information on particle size distribution, shape, morphology, and

surface chemistry for each nanoform or set of nanoforms. This regulatory

enhancement aims to improve the safety assessment and management of

nanomaterials, ensuring better evaluation of potential risks to human health and the

environment.
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Key Regulatory Mandates

As of January 1, 2020, new and unambiguous legal requirements have been introduced
under the European Union (EU) REACH Regulation (Registration, Evaluation,
Authorisation and Restriction of Chemicals) for companies manufacturing or importing
nanoform substances. This mandates the submission of more complete characterization
data, including detailed information on particle size distribution, shape, morphology, and
surface chemistry, for each nanoform or set of nanoforms subject to registration.

Technical and Scientific Requirements

Nanoform substances can exhibit behaviors and toxicities distinct from their
conventional bulk counterparts due to their unique physicochemical properties. The
revision to the REACH Regulation therefore aims to enable risk assessments specifically
tailored to these nanomaterials. Companies are now required to submit detailed
characterization data encompassing the following parameters: First, particle size
distribution necessitates precise measurement of the size range and proportion of
nanoparticles. Second, shape and morphology demand clarification of particle forms,
such as spherical, rod-like, plate-like, or fibrous. Surface chemistry involves identifying
functional groups and modification states present on the surface, assessing properties
that could influence interactions with biological systems or the environment.
Furthermore, nano-specific parameters such as aggregation and agglomeration
behavior, crystal structure, and solubility are also subject to evaluation. This data
forms the foundational information for predicting how nanomaterials might distribute
within the body and manifest toxicity. For instance, particle size distribution and shape
are critical indicators when assessing pulmonary inhalation exposure.



Background and Industry Context

The rapid advancement of nanotechnology has led to the widespread adoption of
nanomaterials across diverse industrial sectors, including food, cosmetics,
pharmaceuticals, electronics, and construction materials. However, alongside their
potential benefits, concerns have escalated regarding unknown risks to human health
and the environment. To address these concerns and foster safe and responsible
innovation in nanomaterials, the European Commission initiated the amendment of the
REACH Regulation. This regulatory strengthening is positioned as part of an international
effort to enhance transparency surrounding nanomaterials and protect both consumers
and the environment. Moreover, the EU's initiative contributes to the international
standardization of nanomaterial safety assessment through collaboration with
international organizations such as the OECD (Organisation for Economic Co-operation
and Development).

Future Outlook

This amendment to the REACH Regulation will significantly impact companies dealing
with nanomaterials, influencing product development, characterization, data
management, and overall supply chain compliance strategies. Businesses will need to
implement more advanced analytical techniques and specialized expertise to
comprehensively collect and evaluate safety data for nanoform substances. While this
regulatory enhancement may present short-term burdens, it is anticipated to form a
foundational basis for sustainable market growth in the long term, by boosting
confidence in nanomaterial safety and improving consumer acceptance. Furthermore, it
is expected to spur advancements in safety assessment technologies, accelerating the
design and development of safer nanomaterials.

Source: https://www.proregulations.com/eu-reach-nanomaterial-registration-and-notification.html
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High-Efficiency La-Promoted Co-B/Al2O3 Nanocatalyst
Delivers Record Hydrogen Generation from NaBH4
Hydrolysis at Room Temperature

OVERVIEW

A novel Al2O3-supported nano-bimetallic Co-La-B catalyst has achieved a remarkable

hydrogen generation rate (HGR) of up to 6057.72 mLH2 min-1 gcat-1 at room

temperature from sodium borohydride (NaBH4) hydrolysis. This breakthrough catalyst

maintained 91.63% activity over multiple cycles, with HGR further increasing to
8661.94 mLH2 min-1 gcat-1 at 60°C, marking a significant step towards safe, efficient

on-demand hydrogen systems for fuel cell vehicles and portable devices.

Published Published June 03, 2026  ResearchGate  Unknown
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Background

Hydrogen energy is a pivotal clean energy carrier for combating climate change and
reducing reliance on fossil fuels. However, its widespread adoption has been hindered by
significant challenges in safe storage and supply. Traditional methods like compressed or
liquid hydrogen necessitate high pressures or extremely low temperatures, posing safety
and infrastructure hurdles. Chemical hydrogen storage materials, such as sodium
borohydride (NaBH4), offer a promising alternative as they are stable at ambient
conditions and can generate hydrogen on-demand through catalytic hydrolysis. This
makes them ideal for applications like fuel cell vehicles, portable power sources, and
unmanned aerial vehicles (UAVs). Despite its promise, there has been a pressing need to
further enhance the efficiency and durability of NaBH4 hydrolysis catalysts.

Key Findings

Researchers have designed a novel Al2O3-supported nano-bimetallic Co-La-B catalyst
that achieves an unprecedented hydrogen generation rate (HGR) of up to 6057.72 mLH2
min⁻¹ gcat⁻¹ at room temperature through NaBH4 hydrolysis. This catalyst also
demonstrated remarkable durability, maintaining 91.63% of its catalytic activity over
multiple cycles. Significantly, increasing the temperature to 60°C further boosted the
HGR to 8661.94 mLH2 min⁻¹ gcat⁻¹.

The Co-La-B/Al2O3 nanocatalyst leverages a nano-scale dispersion of cobalt (Co) and
lanthanum (La) alongside boron (B) on an alumina (Al2O3) support. The promotional
effect of La optimally modulates Co's electronic structure, enhancing the adsorption and
dissociation of water molecules at the active sites. A synergistic effect between Co and B
further accelerates the formation of active hydrogen species (*H), dramatically increasing
the hydrogen generation rate from NaBH4. The nano-scale design maximizes catalytic
efficiency by providing a high surface area and numerous active sites. The high HGR at
room temperature is particularly impactful, enabling efficient hydrogen supply without
external heating, thus reducing energy costs. The improved HGR at 60°C suggests even
greater performance in warmer environments, expanding its applicability across diverse
operating conditions. This breakthrough represents a significant advancement towards
practical chemical hydrogen storage systems.



Implications and Outlook

This highly efficient Co-La-B/Al2O3 nanocatalyst is poised to accelerate the realization of
a hydrogen energy society. Future research will focus on further enhancing catalyst
stability, establishing large-scale production techniques, and conducting validation tests
for integration into actual fuel cell systems and hydrogen generators. Improving
resistance to catalyst poisoning and extending catalyst lifetime are crucial for
commercialization. Widespread adoption of this technology could reduce hydrogen fuel
storage and supply costs, fostering the proliferation of fuel cell technology and
significantly contributing to clean energy mobility and distributed energy systems.

Source: https://www.researchgate.net/publication/405555716_Synergistic_electron-

structure_modulation_in_La-promoted_Co-BAl2O3_nanocatalysts_boosting_room-
temperature_NaBH4_hydrolysis
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Strain-Engineered Catalyst Achieves Record Efficiency
in Methanol Oxidation, Boosting Fuel Cells and Green
Hydrogen Production

OVERVIEW

Researchers have developed a novel strain-induced PtNiBi shell/PtBi core

electrocatalyst that achieves an unprecedented mass activity of 33.2 A mg⁻¹ Pt for the

methanol oxidation reaction (MOR). This breakthrough simultaneously enables the

high-Faradaic efficiency production of valuable formic acid, dramatically boosts direct
methanol fuel cell (DMFC) performance with a peak power density of 175.0 mW cm⁻²,

and facilitates efficient hydrogen generation at remarkably low cell voltages. This

innovation marks a significant step towards leveraging methanol as a cleaner energy

source, accelerating the development of next-generation fuel cells and sustainable

hydrogen production systems.

Published Published June 01, 2026  ACS Nano  USA
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Background

Fuel cell technology holds immense promise as a clean energy solution across diverse
applications, including electric vehicles, portable electronics, and stationary power
generation. Direct methanol fuel cells (DMFCs), in particular, are attractive due to
methanol's high energy density, ease of storage and transport, and the ability to use it
directly as fuel, making them suitable for regions lacking hydrogen infrastructure or
applications demanding high energy density. However, widespread DMFC adoption has
been hampered by critical challenges: the high cost of platinum (Pt) catalysts, the
sluggish kinetics of the methanol oxidation reaction (MOR), and severe catalyst
poisoning by carbon monoxide (CO) intermediates. This research directly addresses
these long-standing issues through an innovative materials design, aiming to accelerate
the commercialization of DMFCs and advance hydrogen production technologies from
methanol.

Key Findings

A groundbreaking strain-induced PtNiBi shell/PtBi core electrocatalyst has been
developed, achieving an exceptional mass activity of 33.2 A mg⁻¹ Pt for the methanol
oxidation reaction (MOR). This represents a significant leap forward compared to
conventional Pt-based catalysts. The catalyst’s innovative core-shell architecture is
engineered to minimize platinum usage while maximizing its catalytic potential,
optimizing the exposure of highly active Pt atoms on the surface. Crucially, the
incorporation of nickel (Ni) and bismuth (Bi) modulates the electronic state of platinum,
enhancing its catalytic activity for MOR. The 'strain-induced' element is pivotal: a lattice
mismatch between the PtBi core and the PtNiBi shell introduces tensile strain into the Pt
atoms of the PtNiBi shell. This optimized strain fine-tunes the adsorption strength of
MOR intermediates, particularly carbon monoxide (CO), effectively mitigating catalyst
poisoning and thereby significantly improving both activity and long-term stability.



Beyond its record-breaking mass activity, this catalyst demonstrates high selectivity for
the production of valuable formic acid (formate) with high Faradaic efficiency, enhancing
the overall economic viability of fuel cell systems. When integrated into direct methanol
fuel cells (DMFCs), it elevates peak power density to an impressive 175.0 mW cm⁻².
Furthermore, the catalyst facilitates highly efficient hydrogen (H2) generation at
remarkably low cell voltages (1.16 V at 2.0 A cm⁻²). This multi-faceted breakthrough
paves the way for a transformative shift in methanol-based clean energy technologies.
Future efforts will focus on validating the catalyst's long-term stability, developing
scalable production methods, and integrating it into diverse DMFC systems and
hydrogen production units. The ultimate goal is to further reduce Pt loading while
maintaining superior activity and durability. Commercialization of this technology
promises to enhance the cost-performance of DMFCs, broaden their applications, and
significantly contribute to decentralized hydrogen infrastructure and a sustainable green
hydrogen economy, accelerating the global transition to cleaner energy.

Source: https://pubs.acs.org/doi/10.1021/acsnano.6c05471
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Fluorine-Doped CoFe Layered Metal Hydroxide
Catalysts Unlock Efficient, Stable Seawater Electrolysis
for Green Hydrogen Production

OVERVIEW

Addressing critical challenges in green hydrogen production from seawater

electrolysis, a novel fluorine-doped cobalt-iron layered metal hydroxide (F-CoFe

LMH-8) catalyst has been developed. This innovative material significantly enhances

both the hydrogen and oxygen evolution reactions, achieving remarkably low
overpotentials of 81.23 mV for HER and 265.5 mV for OER at 10 mA cm⁻². This

breakthrough promises to boost the efficiency and long-term stability of seawater

electrolyzers, paving the way for the scalable commercialization of direct hydrogen

production from abundant ocean resources.

Published Published June 01, 2026  Nano-Micro Letters  China
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Key Findings

To overcome the critical challenges of slow oxygen evolution reaction (OER) kinetics and
severe chlorine corrosion in green hydrogen production via seawater electrolysis, a novel
high-polarity fluorine-doped cobalt (Co) and iron (Fe) layered metal hydroxide (F-CoFe
LMH-8) catalyst has been developed. This innovative catalyst demonstrates outstanding
performance for both the hydrogen evolution reaction (HER) and OER, achieving
remarkably low overpotentials of 81.23 mV and 265.5 mV, respectively, at a current
density of 10 mA cm⁻².

Technical Details

While seawater electrolysis offers a promising route for green hydrogen production
without relying on freshwater resources, its complex ionic composition and corrosive
nature due to chloride ions have made it challenging for conventional electrocatalysts to
achieve both high efficiency and durability. The research team precisely tuned the
electronic structure of cobalt-iron layered metal hydroxides (CoFe LMH) by doping them
with fluorine (F) atoms. Given fluorine's high electronegativity, it optimally modulates the
electron density within the CoFe LMH, thereby adjusting the adsorption and dissociation
of water molecules at the active sites, as well as the binding energies of oxygen
evolution reaction (OER) intermediates (OH*, O*, OOH*). This modification significantly
lowers the OER overpotential and accelerates the reaction kinetics. Simultaneously,
fluorine doping enhances the hydrophobicity of the catalyst surface, suppressing the
adsorption of chloride ions and thus dramatically improving resistance to chlorine
corrosion. The F-CoFe LMH-8 functions effectively as a catalyst in bipolar electrolyzers,
achieving a current density of 10 mA cm⁻² with exceptionally low overpotentials: 81.23
mV for HER and 265.5 mV for OER. These performance metrics substantially exceed the
requirements for industrial-scale seawater electrolysis, rivaling or even surpassing those
of existing noble metal catalysts like RuO₂ and IrO₂.



Background and Industry Context

Hydrogen is experiencing surging global demand as a clean energy carrier, essential for
storing and transporting renewable energy. Consequently, there is an urgent need for
technologies that can produce large quantities of hydrogen affordably and sustainably.
Seawater electrolysis stands out as one of the most promising options. However,
chloride ions present in seawater pose significant commercialization barriers by causing
catalyst degradation and generating undesirable chlorine gas during electrolysis. The
findings of this research present an innovative solution to this long-standing problem
through the use of inexpensive base metal catalysts, significantly accelerating the
practical implementation of green hydrogen production from seawater.

Future Outlook

This high-polarity fluorine-doped F-CoFe LMH-8 catalyst holds immense potential to
resolve critical cost and efficiency challenges in green hydrogen production via seawater
electrolysis, thereby contributing significantly to the realization of a sustainable energy
society. Moving forward, the research team will focus on establishing large-scale
production techniques for the catalyst, conducting rigorous long-term stability and
durability validation tests, and optimizing engineering for integration into real-world
seawater electrolysis systems. The commercialization of this technology is expected to
enable hydrogen production independent of freshwater resources, bolster global energy
security, and dramatically accelerate the widespread adoption of renewable energy. This
represents a crucial breakthrough, strongly supporting the global movement toward a
clean hydrogen economy.

Source: https://www.nmlett.org/index.php/nml/article/view/2539
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MXene Hybrid Composites Unlock Superior
Multifunctional Performance for Next-Generation
Energy Storage

OVERVIEW

MXene and its hybrid composites are garnering significant attention for their diverse

multifunctional properties, including high conductivity (~2.5 × 10⁶ S/m), large surface

area, and exceptional electrochemical performance. These materials demonstrate

outstanding energy storage capabilities in supercapacitors (specific capacitance ~405
F g⁻¹, volumetric capacitance ~370 F cm⁻³) and lithium-ion batteries (cycle stability

~92%). This breakthrough promises to accelerate the development of high-

performance energy storage devices for electric vehicles, wearables, and renewable

energy grids.

Published Published June 04, 2026  ResearchGate  Unknown
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Background

The proliferation of electric vehicles (EVs), the evolution of portable electronic devices,
and the integration of renewable energy sources (solar, wind) into the grid have
dramatically escalated the demand for high-performance energy storage devices in
modern society. While existing lithium-ion batteries and supercapacitors continue to
improve, there is a pressing need for next-generation devices offering higher energy
density, greater power output, longer lifespan, and enhanced safety. MXene is emerging
as a novel material to meet these demands, drawing attention alongside graphene and
other 2D materials. Its multifunctionality holds the potential to address multiple
challenges with a single material, opening new frontiers in material science and energy
engineering.

Key Findings

Recent research has underscored the diverse multifunctional properties of MXene and
MXene hybrid composites, including high electrical conductivity (approximately 2.5 × 10⁶
S/m), large surface area, and exceptional electrochemical performance. Particularly in the
energy storage sector, these composite materials demonstrate superior performance,
achieving a specific capacitance of approximately 405 F g⁻¹ and a volumetric capacitance
of approximately 370 F cm⁻³ in supercapacitors, alongside a cycle stability of
approximately 92% in lithium-ion batteries. These achievements significantly contribute
to the realization of next-generation, high-efficiency energy storage devices.



Technical Details

MXene is a family of 2D materials composed of transition metal carbides, nitrides, or
carbonitrides, exhibiting exceptional properties due to their unique layered structure and
surface functional groups. High electrical conductivity facilitates rapid charge carrier
movement, enhancing electrochemical reaction kinetics. Furthermore, a large specific
surface area provides numerous sites for ion adsorption and desorption, which is crucial
for achieving high capacitance in supercapacitors. In hybrid composites, MXene is
integrated with polymers or other nanomaterials, further improving structural stability
and electrochemical performance. For instance, introducing polymers between MXene
layers can suppress restacking (aggregation) of MXene sheets and promote ion
transport. The significant specific capacitance (approximately 405 F g⁻¹) and volumetric
capacitance (approximately 370 F cm⁻³) are critical performance indicators for
supercapacitors, demonstrating their high energy storage capability. A cycle stability of
approximately 92% in lithium-ion batteries signifies that performance is maintained over
long periods of repeated charging and discharging, thereby extending device lifespan
and reliability. Manufacturing strategies involve top-down etching for MXene exfoliation,
followed by subsequent composite fabrication processes.

Outlook

MXene and its hybrid composite materials are highly likely to form the foundation for
next-generation energy storage technologies. Future research and development will
focus on further optimizing material synthesis processes, reducing manufacturing costs,
and scaling up for integration into practical devices and large-scale production.
Specifically, demonstration tests are anticipated across diverse application areas,
including flexible electronics, wearable sensors, fast-charging EV batteries, and long-life,
high-capacity energy storage systems (ESS) for smart grids. The widespread adoption of
this technology will play an indispensable role in achieving an energy-efficient society
and building sustainable energy systems.

Source:
https://www.researchgate.net/publication/405698519_MXenes_and_Hybrid_Composites_Multifunctional_Proper
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AI/ML Frameworks Drive Rapid Optimization of Lipid
Nanoparticle Formulations for Advanced Drug Delivery

OVERVIEW

Lipid Nanoparticles (LNPs) are a cornerstone for advanced drug and nucleic acid

delivery, yet their rational design presents a formidable multivariate challenge. New

research harnesses AI/Machine Learning (ML) frameworks to rapidly optimize LNP

properties, enhance delivery efficiency, and streamline manufacturing processes. This

paradigm shift promises to accelerate personalized medicine, shorten drug

development timelines, and boost success rates for novel therapeutics.
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Background & Industry Context

The unprecedented success of mRNA vaccines during the COVID-19 pandemic propelled
Lipid Nanoparticle (LNP) technology to the forefront of pharmaceutical innovation. This
foundational platform, capable of encapsulating and delivering sensitive nucleic acids
and small molecule drugs, has since seen an explosive growth in therapeutic pipelines
across diverse areas, including cancer immunotherapy, genetic disease treatment, and
infectious disease prevention. However, developing optimal LNP formulations for each
specific disease and target cell type remains a resource-intensive endeavor. The
pharmaceutical industry is actively seeking and adopting AI/Machine Learning (ML)
technologies to enhance new drug development success rates and significantly shorten
lead times. The application of AI/ML in LNP design directly addresses these pressing
industry needs and is poised to become a powerful enabler for personalized medicine,
tailoring treatments to individual patient genetic information and disease states.

The Challenge: Optimizing LNP Formulations

Lipid Nanoparticles (LNPs) are widely recognized as one of the most clinically validated
platforms for the efficient delivery of both pharmaceutical drugs and nucleic acids, such
as mRNA and siRNA. Despite their proven efficacy, the rational design of LNP
formulations is an inherently complex, multi-variable challenge. Achieving optimal
performance requires careful consideration of numerous parameters, and conventional
trial-and-error methods are prohibitively time-consuming and costly. This complexity
underscores the urgent need for new research focusing on advanced Artificial
Intelligence (AI) and Machine Learning (ML) frameworks, comprehensive datasets, and
rigorous experimental validation.



Technical & Clinical Advancements with AI/ML

LNPs are nanoscale (approximately 20-200 nm) drug delivery systems designed to
encapsulate nucleic acids or small molecule drugs within a lipid bilayer structure. This
protects their cargo from degradation in biological environments and facilitates efficient
delivery to target cells. The intricate design process involves selecting and optimizing
multiple lipid components—including ionizable lipids, helper lipids, cholesterol, and
PEGylated lipids—along with their precise ratios. Other critical parameters include
particle size, surface charge, pH responsiveness, biocompatibility, and overall stability.
Each of these variables profoundly and complexly influences delivery efficiency, safety
profiles, and immunogenicity.

Traditional iterative experimental approaches struggle to navigate this vast design space,
making it difficult and expensive to identify optimal formulations. AI/ML frameworks
offer a transformative solution by analyzing colossal volumes of existing experimental
data and structure-function correlation data related to LNPs. This analytical capability
enables them to predict and optimize novel LNP compositions and synthesis conditions.
For instance, deep learning models can be trained to predict lipid compositions that
maximize LNP uptake efficiency in specific cell types or to simulate *in vivo*
biodistribution and potential toxicity. Such predictive power dramatically reduces the
number of necessary physical experiments and significantly shortens development
cycles. Promising LNP candidates identified through AI-driven design are then rigorously
validated through high-throughput screening and *in vivo* studies using animal models
to confirm their efficacy and safety.

Future Outlook

AI/ML frameworks hold immense potential to fundamentally revolutionize LNP
formulation design and screening. Future research will likely focus on constructing even
more precise predictive models, developing versatile AI platforms capable of adapting to
diverse diseases and delivery routes, and integrating automated experimental systems
that seamlessly link AI predictions with real-world empirical validation. This concerted
effort could usher in an era where “fully AI-designed and optimized LNPs” routinely
transition into clinical application. The continued advancement of this technology is
expected to dramatically enhance the speed and efficiency of new drug development,
forming a critical foundation for delivering safer, more effective therapeutic solutions to
a broader patient population.



Source: https://www.frontiersin.org/research-topics/80393/ai-designed-lipid-nanoparticle-formulation-
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Kuraray Reinforces Nanomaterial Product Safety with
Continuous Cross-Divisional Assessments, Critical
Review Committee Set to Convene in 2025

OVERVIEW

The Kuraray Group is proactively addressing the safety of nanomaterial-containing

products through a rigorous, company-wide assessment system. Led by its Corporate

Sustainability Division, a specialized evaluation committee, operating under the

"Critical Matters Assessment Committee Regulations," thoroughly vets new product
developments and market launches for safety, with reviews continuing into 2025. This

commitment highlights Kuraray's dedication to early risk identification, product

safety, and sustainable innovation, positioning it ahead of evolving global

nanomaterial regulations.
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Background

Nanotechnology continues to drive innovation across diverse sectors, including high-
performance materials, electronics, and medicine. However, the unique properties of
nanomaterials, stemming from their minute size and high surface area, can lead to
distinct physicochemical characteristics and biological interactions compared to bulk
materials. This raises legitimate concerns regarding their potential environmental and
human health impacts, leading to a global surge in regulatory scrutiny and societal
interest in nanomaterial safety. Companies developing such advanced materials face an
imperative to ensure product safety from conception to market.

Key Findings

The Kuraray Group has established and continuously implements a robust, cross-
divisional safety assessment system for products and developments containing
nanomaterials. This system operates under the "Critical Matters Assessment Committee
Regulations," spearheaded by the Corporate Sustainability Division. Before product
development and market launch, an evaluation committee rigorously assesses and
verifies the safety of these advanced materials. In a testament to this ongoing
commitment, the committee has confirmed its review of issues related to the
development and commercialization of products falling under these regulations in 2025.

Technical/Clinical Details

Kuraray's safety review process is built upon a profound understanding of nanomaterial
characteristics and their potential risks. Recognizing that nanomaterials can exhibit
distinct physicochemical properties and biological interactions, the company's evaluation
committee employs a multifaceted approach to assess product safety. This includes:

Detailed Analysis of Physicochemical Properties: Thorough examination of
parameters such as particle size distribution, morphology, surface area, chemical
composition, and crystal structure.

Manufacturing Process Evaluation: Assessment of potential nanoparticle
generation, exposure risks, and the efficacy of control measures during production.



Lifecycle Impact Assessment: Comprehensive evaluation of potential environmental
release and human exposure throughout the product's entire lifecycle, encompassing
usage, disposal, and recycling.

To support these assessments, the committee leverages a range of scientific data,
including existing toxicity data, results from in vitro assays, in silico predictive models,
and, where appropriate, in vivo studies. Based on this robust scientific evidence, the
committee determines the adequacy of risk management measures and ensures
compliance with regulatory requirements. This meticulous process enables Kuraray to
identify safety concerns early, integrate them into product design and manufacturing
methods, and ultimately deliver high-performance yet demonstrably safe products to the
market.

Industry Context

While nanotechnology propels innovation, the global landscape for nanomaterial safety
regulations and public awareness is rapidly intensifying. Jurisdictions worldwide are
introducing more stringent legal requirements for nanomaterial characterization and risk
management, exemplified by amendments to the European Union's REACH regulation
and the introduction of new nanomaterial frameworks in Canada. Kuraray, as a leading
Japanese chemical manufacturer, demonstrates a strong commitment to corporate social
responsibility (CSR) by proactively establishing and continuously operating such a cross-
divisional safety review system. This initiative positions Kuraray ahead of international
regulatory trends and serves as an exemplary model for "responsible innovation" in
advanced materials development.



Future Outlook

Kuraray's cross-divisional safety assessment framework for nanomaterials will remain a
critical pillar of its new product development strategy. As nanotechnology advances,
leading to more complex nanomaterials and sophisticated applications, this evaluation
process will require continuous evolution and enhancement. Significant improvements
are anticipated through the integration of advanced safety assessment methodologies,
including predictive toxicology, digital twins, and AI/machine learning, which are
expected to boost both efficiency and accuracy. Kuraray's proactive engagement in this
domain is poised to contribute to bridging data gaps in nanomaterial safety, fostering
best practices across the industry, and ultimately ensuring consumer and environmental
protection, thereby supporting the sustainable development of nanotechnology.

Source: https://www.kuraray.com/global-en/sustainability/3p/chemical_products_safety/
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Nanocomposites Power Next-Gen Wearables: PatSnap
Eureka Details Chip Embedding Solutions

OVERVIEW

PatSnap Eureka's latest market research report delves into the critical role of

nanocomposites in embedding chips for advanced wearable sensors. It highlights

how polymer-based nanocomposites, enhanced with nanoscale fillers like carbon

nanotubes and metal oxide nanoparticles, significantly boost mechanical, thermal,

and barrier properties, opening doors for applications across aerospace, automotive,

and electronics industries.
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Background

PatSnap Eureka, a leader in IP and R&D intelligence, has released a new market research
report addressing a critical challenge in next-generation electronics: the optimal
selection of nanocomposites for chip embedding in wearable sensors. This report serves
as an exhaustive guide, demonstrating how advanced polymer-based nanocomposites,
when fortified with precisely engineered nanoscale fillers, can significantly elevate the
mechanical resilience, thermal stability, and barrier properties of integrated electronic
components. The implications span high-stakes sectors including aerospace, automotive,
and consumer electronics, where these materials promise to revolutionize performance
and durability.

Key Findings

Among the report's pivotal insights is the superior performance offered by carbon
nanotube (CNT)-reinforced nanocomposites. Their exceptional electrical conductivity and
mechanical strength position them as indispensable for the development of high-
performance wearable sensors, where robust signal integrity and resilience are
paramount. Furthermore, the integration of layered clay minerals and metal oxide
nanoparticles into composite matrices is shown to confer significant enhancements in
barrier properties, flame retardancy, antimicrobial characteristics, and UV protection.
These advanced nanofillers collectively extend the operational lifespan and bolster the
reliability of sensors, crucial for deployments in challenging and unforgiving
environments. A central tenet of the report underscores the necessity of a meticulous,
application-driven approach to material selection, ensuring that the intrinsic properties
of the chosen fillers are precisely matched to the demanding requirements of the end-
use scenario.



This market overview is based on a detailed report from PatSnap Eureka, a specialized
division of PatSnap dedicated to intellectual property and R&D intelligence. Leveraging
extensive data from patents, scientific literature, and market analyses, PatSnap Eureka
provides strategic insights into technology trends, competitive landscapes, and emerging
market opportunities, empowering businesses to refine innovation strategies and
accelerate their research and development initiatives.

Source: https://eureka.patsnap.com/report-how-to-select-nanocomposites-for-chip-embedding-in-
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Engineering Durable Coatings: Nanomaterials Counter
Substrate Delamination for Enhanced Barrier
Performance

OVERVIEW

A recent market analysis by PatSnap Eureka highlights critical strategies for enhancing

coating barrier performance, particularly in automotive and aerospace applications.

The report details how the strategic incorporation of nanoparticles, nanofillers, and

nanocomposites into formulations creates tortuous pathways, significantly reducing
permeability and mitigating substrate delamination. Beyond corrosion protection,

these nanomaterials are also explored for their role in improving thermal transfer in

electronics, ensuring device reliability and extended lifespan.
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Background

This article provides an overview of a market research report published by PatSnap
Eureka, a division of PatSnap – a global leader in intellectual property and R&D
intelligence. PatSnap Eureka offers detailed reports utilizing patents, scientific literature,
and market data to provide insights for innovation strategies. The report in focus
addresses the critical challenge of enhancing the barrier performance of coatings, with a
particular emphasis on their application in the demanding automotive and aerospace
industries. It rigorously analyzes how substrate delamination compromises coating
integrity and performance, while also detailing innovative strategies for integrating
nanomaterials into coating formulations to significantly bolster barrier properties.

Key Findings

The report underscores that the strategic introduction of nanoparticles, nanofillers, and
nanocomposites into coating formulations is pivotal. These advanced materials create
complex, tortuous pathways within the coating structure, which effectively impede
molecular transport. This mechanism substantially reduces permeability, preventing
corrosive substances from reaching and degrading the underlying substrate. The result is
a marked enhancement in the lifespan and reliability of materials, especially when
subjected to harsh environmental conditions. Furthermore, the report explores the
promising potential of integrating nanoparticles into thermal interface materials. This
application is crucial for improving heat transfer in electronic devices, directly
contributing to the prevention of device overheating and the maintenance of stable
performance over time, thereby ensuring greater reliability and longevity for critical
electronics components.

Source: https://eureka.patsnap.com/report-how-substrate-delamination-affects-barrier-performance-in-
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Comprehensive Review Spotlights Lipid Nanoparticles
as a Transformative Drug Delivery System

OVERVIEW

The International Journal of Scientific Research and Technology has published a

detailed review positioning lipid nanoparticles (LNPs) as a highly promising drug

delivery system. The article underscores LNP's ability to improve drug solubility,

bioavailability, targeted delivery, and controlled release, tracing its rapid evolution

since 2010, particularly its central role in COVID-19 mRNA vaccines. It highlights LNPs'
core advantages in encapsulating diverse therapeutics, protecting them from

degradation, and enhancing pharmacokinetics across applications in personalized

medicine, gene therapy, cancer, and immunotherapy.

Published Published June 02, 2026  International Journal of Scientific Research and Technology (Int.
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Background

Modern pharmaceutical development consistently strives to create more effective, safer,
and patient-friendly therapies. However, many novel therapeutic agents, especially
nucleic acid-based drugs, have historically faced significant challenges, including in vivo
instability, poor cell membrane permeability, and a lack of target specificity. Lipid
Nanoparticles (LNPs) emerged as a groundbreaking delivery system to overcome these
hurdles, profoundly expanding the potential of mRNA therapeutics in particular. The
unprecedented success of COVID-19 vaccines not only validated LNP technology's
capability for large-scale production but also demonstrated its rapid deployability in
emergencies, firmly solidifying its pivotal role in subsequent pharmaceutical
development.

Key Findings

The review, published in the International Journal of Scientific Research and Technology,
unequivocally highlights the immense promise of Lipid Nanoparticles (LNPs) as a
revolutionary drug delivery system (DDS). LNPs possess the unique ability to address
numerous challenges inherent in conventional DDS, including improving drug solubility,
enhancing bioavailability, enabling precise targeted delivery, and facilitating controlled
release.

Comprising nanoscale particles (approximately 20-200 nm), typically formulated from
cationic lipids, helper lipids, cholesterol, and PEGylated lipids, LNPs efficiently
encapsulate nucleic acids (such as mRNA, siRNA, and DNA) and small molecule drugs,
protecting them from degradation within the biological environment. The article
meticulously traces the rapid advancements in LNP technology since 2010, particularly
emphasizing its central and indispensable role in the development of mRNA vaccines
during the COVID-19 pandemic. This global success unequivocally demonstrated the
following core advantages of LNPs:

1. Drug Protection: Safeguards encapsulated cargo, such as mRNA from degradation by in
vivo nucleases, and protects small molecule drugs from metabolic breakdown.

2. Targeted Delivery: Enables specific targeting to particular cells or tissues, thereby
significantly reducing off-target effects and systemic toxicity.



3. Enhanced Cellular Uptake: The optimized lipid composition of LNPs promotes efficient
interaction with cell membranes, facilitating robust cellular internalization.

4. Controlled Release: Ensures therapeutic agent release at appropriate rates and
concentrations, maximizing therapeutic efficacy while minimizing potential side effects.
These multifunctional capabilities have propelled the rapid expansion of LNP
applications across diverse therapeutic areas, including personalized medicine, gene
therapy, advanced cancer treatment, and cutting-edge immunotherapy.

Future Outlook

LNPs are unequivocally projected to continue evolving as a leading platform in
pharmaceutical delivery technology. The review suggests that future research and
development efforts will intensify, focusing on enhancing LNP biocompatibility,
improving long-term stability, and increasing versatility to accommodate an even
broader spectrum of diseases and delivery routes. Specific areas of anticipated
innovation include the optimization of LNP formulation design through advanced AI and
machine learning techniques, as well as the development of multifunctional LNPs (e.g.,
theranostics combining diagnostic and therapeutic capabilities). These ongoing
advancements are expected to solidify LNP-based therapeutics as central to realizing
personalized medicine, ultimately offering safer and more effective treatment options to
a wider global patient population.

Source: https://www.ijsrtjournal.com/assetsbackoffice/uploads/article/A-Review---Lipid-Nanoparticle-

Based-Novel-Drug-Delivery-Systems.pdf
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Nano- and Micro-Polymer Fibers Drive Smart Actuation
Revolution Across Aerospace, Automotive, and
Construction

OVERVIEW

A comprehensive MDPI review highlights the transformative potential of nano- and

micro-polymer fibers for smart actuation, detailing their fabrication methods and

diverse applications. Emphasizing their lightweight nature, superior mechanical

properties, and chemical/thermal resistance, the article covers techniques like
electrospinning and melt/solution blowing. Notably, ~100 nm nanofibers offer a

significantly higher surface-to-volume ratio, enhanced mechanical strength, and

improved filler-matrix interaction in composites compared to microfibers, paving the

way for next-generation smart devices, robotics, and structural materials.
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Background

The development of smart materials and actuators is driving innovative advancements
across numerous industrial sectors, including robotics, wearable devices, aerospace,
automotive, and construction. There is a growing demand for flexible, lightweight, and
precisely controllable systems that conventional large and rigid actuators could not
achieve. Nano- and micro-polymer fibers have emerged as materials to bridge this gap,
opening new technological domains such as bio-mimetic robots, smart textiles,
microfluidic devices, and self-healing materials. Their lightweight nature and mechanical
robustness directly contribute to improved energy efficiency and enhanced safety,
particularly in the aerospace and automotive sectors.

Key Findings

A review article published in MDPI provides a comprehensive analysis of nano- and
micro-polymer fibers for smart actuation, detailing their manufacturing methods and
broad application areas. These fibers are attracting significant attention as critical
components in next-generation smart devices and systems due to their exceptional
lightweight nature, superior mechanical properties, and high chemical and thermal
resistance.



Technical Details

Smart actuation refers to the ability to change shape, size, or other physical properties in
response to external stimuli such as electricity, heat, light, or chemicals. Nano- and
micro-polymer fibers are ideal materials for realizing this smart actuation. The review
article introduces various manufacturing techniques, including electrospinning, melt
blowing, and solution blowing. Electrospinning is a technique that involves ejecting a
polymer solution or molten polymer under a high-voltage electric field to produce fibers
ranging from nanometers to micrometers in scale, efficiently generating fibers with a
high surface-to-volume ratio. Melt blowing and solution blowing are techniques that
form fine fibers by drawing molten or dissolved polymers with a high-velocity gas
stream. These processing techniques allow for precise control over structural properties
such as fiber diameter, orientation, and porosity. Notably, nanofibers with diameters
around 100 nm possess a significantly higher surface-to-volume ratio compared to
microfibers, leading to faster response times and higher sensitivity to external stimuli.
Furthermore, nanofibers exhibit improved mechanical properties (e.g., tensile strength,
elastic modulus) due to enhanced molecular-level orientation and promote better
interaction between fillers and the matrix in composite materials, thereby enhancing
overall material performance.

Future Outlook

Smart actuation technology utilizing nano- and micro-polymer fibers is poised for
continued rapid development. Future research and development will focus on creating
multifunctional fibers that respond to an even wider range of stimuli, optimizing fiber
structures for further improvements in response speed and precision, and establishing
manufacturing processes capable of large-scale production. Furthermore, applications in
more complex smart systems, integrated with AI and robotics, are anticipated. The
widespread adoption of this technology has the potential to contribute to the next
generation of robots, smart textiles, medical devices, and sustainable infrastructure,
bringing significant transformations to our daily lives and industrial structures.

Source: https://www.mdpi.com/2310-2861/12/6/495
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Multidimensional P-MWCNT-MOF Hybrids
Significantly Enhance ABS Composites' Flame
Retardancy and Mechanical Strength, Outperforming
Nanoclay
Published Published June 01, 2026  ResearchGate  Unknown



OVERVIEW

This research focuses on the interfacial engineering of multidimensional P-MWCNT-

MOF (Phosphorus-functionalized Multi-walled Carbon Nanotube-Metal Organic

Framework) hybrids for enhanced flame retardancy and mechanical strength in ABS

composites. The study demonstrates that when carbon nanotubes (CNTs) form a

cohesive network structure, they can surpass traditional nanoclay as a flame retardant

additive. Furthermore, the exploration of multifunctional fiber-reinforced polymer

(FRP) composites utilizing carbon-based nanomaterials like graphene and CNTs

promises advancements in structural health monitoring, electrical/thermal

conductivity, energy storage, and EMI shielding, ultimately boosting safety and

performance across aerospace, automotive, and construction sectors.
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Key Findings

This study reports the development of an interfacial engineering approach for
multidimensional P-MWCNT-MOF (Phosphorus-functionalized Multi-walled Carbon
Nanotube-Metal Organic Framework) hybrids, significantly enhancing both the flame
retardancy and mechanical strength of acrylonitrile butadiene styrene (ABS) composite
materials. A key finding is the demonstration that carbon nanotubes (CNTs), when
forming an appropriate cohesive network structure, exhibit superior flame retardant
performance, surpassing conventional additives like nanoclay.

Technical Details

ABS, widely utilized in automotive components, home appliances, and construction
materials due to its excellent mechanical properties and processability, suffers from
inherent flammability. To address this drawback, research into incorporating
nanomaterials as additives has been highly active. The P-MWCNT-MOF hybrid is a
multifunctional material that combines the superior mechanical strength and electrical
conductivity of MWCNTs, the ordered porous structure and high surface area of MOFs,
and the intrinsic flame retardant properties of phosphorus (P). Interfacial engineering in
this context refers to optimizing the interactions between MWCNTs and MOFs to
promote uniform dispersion and strong bonding within the ABS matrix. During
combustion, this hybrid material enhances flame retardancy by forming a char layer that
blocks oxygen supply and inhibits the diffusion of pyrolysis gases. Crucially, when CNTs
form an effective network, they alter heat transfer pathways, thereby demonstrating a
significant flame-retarding effect. Beyond this, multifunctional fiber-reinforced polymer
(FRP) composites incorporating carbon-based nanomaterials such as graphene and CNTs
are also being explored. These advanced composites integrate multiple functionalities,
including structural health monitoring (real-time damage detection), enhanced electrical
and thermal conductivity, energy storage capabilities, and electromagnetic interference
(EMI) shielding. Such multifunctional composites enable the fulfillment of several design
requirements with a single material solution.



Background and Industry Context

Contemporary industries demand not only lightweight and high-performance materials
but also significantly improved safety. In the automotive and aerospace sectors, for
instance, FRP composites are extensively used to enhance fuel efficiency and load
capacity, yet fire safety has always been a paramount concern. Concurrently, with the
proliferation of electronic devices, EMI shielding has become a critical design
requirement. Traditional flame retardants often compromise a material's mechanical
properties or pose environmental concerns. Therefore, there is a strong drive to develop
novel flame-retardant solutions utilizing nanomaterials. The findings of this research
offer a new material design approach that delivers both multifunctionality and high
performance to address these pressing industrial challenges.

Future Outlook

The flame-retardant ABS composites incorporating multidimensional P-MWCNT-MOF
hybrids are anticipated to find broad applications across various sectors, including
automotive, aerospace, construction, and consumer electronics. Future efforts will focus
on scaling up the manufacturing process for this technology, evaluating long-term
durability, and optimizing cost-effectiveness. Crucially, meeting regulatory requirements
for composite material safety and establishing robust quality control systems suitable for
commercial production will be paramount. The continued development of
multifunctional FRP composites is expected to accelerate the realization of intelligent
structural materials, self-diagnosing components, and products with energy harvesting
capabilities, thus ushering in significant transformations across industries.

Source:
https://www.researchgate.net/publication/405645336_Interfacial_engineering_of_a_multidimensional_P-
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Precision Nanodelivery of cGAS-STING Agonists Boosts
Cancer Immunotherapy Efficacy

OVERVIEW

Nanodrug delivery systems (nano-DDS) are transforming cancer immunotherapy by

precisely delivering cGAS-STING pathway activators to tumors. These systems,

ranging from 1-200 nm and built from diverse materials, selectively accumulate in

tumor tissues via the Enhanced Permeability and Retention (EPR) effect, releasing

drugs locally to mitigate systemic side effects. This targeted approach is crucial for
enhancing therapeutic efficacy, opening new avenues to amplify anti-tumor immune

responses and reduce adverse events for cancer patients.
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Background

Cancer immunotherapy has revolutionized the treatment of advanced cancers previously
considered untreatable. However, it is not effective for all patients, and immune-related
adverse events remain a challenge for some. The cGAS-STING pathway, with its powerful
immune-stimulating capabilities, is considered the next frontier in cancer
immunotherapy. Yet, challenges with systemic administration have hindered its clinical
translation. Advances in nanotechnology provide a powerful solution, enabling a
'precision medicine' approach to deliver drugs where and when they are needed. This
fusion is critical for enhancing the efficacy of cancer treatment and improving patients'
quality of life.

Key Findings

In the field of immunotherapy, the emerging role of cGAS-STING pathway activation by
nanoagonists is gaining significant attention, with nanodrug delivery systems (nano-
DDS) demonstrating the ability to precisely deliver these activating agents to tumor
tissues, thereby substantially enhancing therapeutic efficacy. Nano-DDS are crucial for
minimizing systemic side effects while enabling tumor-specific drug release.



Technical and Clinical Details

The cGAS-STING pathway is a crucial innate immune signaling route that recognizes
intracellular DNA, triggering a potent anti-tumor immune response. Agonists that
activate this pathway are promising candidates for cancer immunotherapy, but systemic
administration can lead to toxicity and immune suppression. Nano-DDS (ranging from 1
to 200 nm in size) are key to overcoming this challenge. They enable selective delivery of
cGAS-STING agonists to tumors through two main mechanisms: 1. Enhanced
Permeability and Retention (EPR) effect: Tumor vasculature is typically immature,
leaky, and exhibits impaired lymphatic drainage, leading to preferential accumulation of
nanoparticles in tumor tissues. 2. Active targeting: Surface modification of nanoparticles
with ligands that bind to specific tumor cell surface antigens can further promote
selective uptake. Nano-DDS can be composed of lipid-based (liposomes, LNPs),
polymer-based, inorganic (gold nanoparticles, mesoporous silica nanoparticles (MSN)),
or biomaterial-based (cell membrane-coated) components. Nanoparticles like MSNs can
be loaded with drugs into large internal spaces and designed to release drugs in
response to specific tumor microenvironmental cues (e.g., low pH, specific enzymes). This
ensures high concentrations of the drug are delivered to tumor tissues or tumor-
infiltrating immune cells, efficiently activating the local cGAS-STING pathway to elicit a
robust anti-tumor immune response while bypassing systemic toxicity.

Strategic Significance & Outlook

The precise delivery of cGAS-STING agonists using nano-DDS holds significant potential
for shaping the future of cancer immunotherapy. Future research will focus on
developing more biocompatible and efficient nanocarriers, optimizing for different
cancer types, and combining them with other immunotherapeutic agents such as
immune checkpoint inhibitors. AI/machine learning will likely accelerate the design and
optimization of these nanocarriers. If this technology proves successful in clinical trials, it
is expected to improve treatment outcomes and reduce side effects for cancer patients,
contributing to the realization of more effective and safer personalized cancer
immunotherapies.
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