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D36-06
Thermal Properties of Polyethylene wax as a phase change material for thermal management
Junfeng Li*
Aerospace Research Institute of Materials and Processing Technology

The thermophysical properties of a commercial polyethylene wax (PEW) used as a potential phase change
material for thermal management, such as melting point, latent heat, thermal conductivity, specific heat,
supercooling degree, the stability of phase change characteristic parametersin the thermal cycles, thermal
endurance, the viscosity in the liquid state, have been investigated in detail. It is found that the PEW has good
thermal performances as a phase change material. The PEW has high latent heat and specific heat, the former
falling in the range of 210 - 230 kJ/kg, the latter falling in the range of 1.52 - 4.48 Jeg'«°C™ in the temperature
range 0 - 95 <Tand 2.63 - 3.12 Jeg'+«°C™in the range temperature 150 - 300 <. The PEW can keep its
microstructure stable up to 200 <C and 238 <C in the air and nitrogen atmosphere, respectively. The PEW has a
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small supercooling degree of about 1.45 °C, and low viscosity of 0.11 Pass at 200 °C. The thermal conductivity of
PEW does not change significantly in the temperature range 30 - 90 °C, and the average value is 0.45 Wem-1+K-1.
There is almost no change in the characteristic temperatures of PEW during the thermal cycles of 10 times, such
as the starting temperature, peak temperature, end temperature in the melting and freezing peaks of DSC curves.
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Outdoor electronics are simultaneously subject to constant solar radiation and instantaneous thermal shock,
thus urgently requiring effective thermal management. However, commonly adopted radiative cooling has an issue
of low cooling power and phase change temperature control technology suffers from materials leakage, which
cannot meet the increasing demands for outdoor electronics. To address these problems, a leakage-proof wrapped
cooler that integrates radiative cooling and latent heat storage is proposed to achieve sub-ambient cooling and
efficient thermal-shock resistance. The wrapped cooler is designed by directly wrapping paraffin wax (PW) phase
change material (PCM) within a hexagonal boron nitride/polydimethylsiloxane (h-BN/PDMS) coating, possessing
leakage-proof property during force and thermal shock. The wrapped cooler can achieve an average sub-ambient
temperature drop of 4.8 <C under direct sunlight. Moreover, a maximum temperature drop of 35.3 <C can be
achieved for the heater covered with the wrapped cooler when experiencing 2000 W m-2 thermal shock, mainly
due to the temperature-pinning effect of PCM and the high thermal conductivity of h-BN/PDMS coating. The
wrapped cooler that integrates radiative cooling with latent heat storage provides an effective way for protecting
outdoor electronics from solar radiation and thermal-shock damage, thereby advancing passive thermal
management technologies towards practical applications.
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Innovations in Thermal Metrology: Analytical and Machine Learning Solutions for Thermal Management
Materials
Qiye Zheng*,Jiagi Gu,Yanglong Lu
HKUST

Effective thermal management is a critical challenge across microelectronics, energy technologies, aerospace,
and advanced manufacturing. Accurate measurement of thermal conductivity (A) is essential for optimizing
materials in these fields, particularly as the complexity and heterogeneity of new materials increase. Rapid and
precise thermal characterization is vital for advancing additive manufacturing, composite development, and
high-performance electronics.

First, 1 will discuss our recent advancements in the transient plane source (TPS) method (1SO 22007-2:2022),
a widely adopted technique for bulk solid thermal conductivity measurement. Our work addresses the substantial
systematic errors—up to 97%—that arise when measuring high-A materials (A > 30 W/(m-K)), primarily due to
the limitations of conventional analysis models that neglect sensor/sample interfacial resistance (Rc) and heat
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conduction within the sensor itself. We introduce two new analytical frameworks: the Green’s function-based
realistic sensor model (RSM) and the thermal quadrupole-based multilayer model (MLM), both explicitly
accounting for sensor heat transfer and Rc effects. Additionally, we propose a derivative-based nonlinear
regression approach that significantly improves robustness and accuracy, reducing A measurement errors from as
high as 97% to below 10% for high-A materials, even under 60 times initial Rc variations. Our sensitivity analysis,
leveraging singular value decomposition (SVD), guides optimal time interval selection and parameter
identification, while 3D finite element modeling and experiments across a wide range of materials validate the
superior performance of our models and fitting strategies. Collectively, these advances offer a comprehensive,
practical solution for accurate TPS measurements, with particular benefits for high-A materials in demanding
real-world study of metallic and composite materails. We have also extended the traditional TPS to studying
bilayer anisotropic materials and thermal interface resistances with high accuracy which is critical for thermal
management material development.

Secondly, | will introduce our development of a physics-informed fully convolutional network (PIFCN)
architecture for solving forward and inverse problems in thermal conduction. Unlike traditional PINNs, which
suffer from high computational cost and limited accuracy due to their fully connected architecture, PIFCNs
leverage the localized connectivity of convolutional networks. This enables efficient, node-level matching
between inputs and outputs, allowing direct discretization of PDEs via finite difference methods. Our results show
that PIFCNs flexibly implement Dirichlet and Neumann boundary conditions, accurately predict temperature
distributions, and can estimate unknown thermal diffusivity with over 99% accuracy even with sparse data and
incomplete boundaries—substantially outperforming PINNSs. Furthermore, the PIFCNs can be integrated with our
high-throughput photothermal metrology system (SI-T1), which uses structured illumination and thermal imaging
for rapid, parallel characterization of multiple samples. This synergy represents a promising direction for adaptive,
high-throughput thermal characterization of complex materials.
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Significant suppression in Thermal Transport of §-Ga,O; Induced by Inhomogeneous Strain
Guangwu Zhang,Qiye Zheng*
The Hong Kong University of Science and Technology

B-Ga,03 is a ultra-wide bandgap semiconductor which is promising for next-generation power electronics
and energy systemes. In device applications, it often experiences inhomogeneous strains when epitaxially grown
on various substrates and during implementation in flexible devices, which inevitably affect the thermal transport
properties. However, previous stuides have only investigated the effect of uniform strain on thermal transport.
Here, we demonstrate a significant suppression of anisotropic thermal conductivity () in p-Ga,Os; 10nm thin
films induced by strain gradients using the machine learning potential and phonon Boltzmann transport equations
methods. Specifically, strain gradients lead to a substantial reduction in k—a 0.6% nm™ c-axis gradient resulting
from the inhomogeneous biaxial strain (e, = -3% to 3%) and uniaxial srains (e, = -3% to 3% or &, = -3% to 3%)
lead to approximately 50% and 40% reduction in anisotopic K, respectively, which are around twice the reduction
observed under a uniform tensile strain of 3% along all directions. This suppression arises from phonon dispersion
broadening, which enhances band overlap and crossover, thereby relaxing selection rules and intensifying phonon
scattering. Our findings provide a more comprehensive understanding of the thermal transport properties of
B-Ga,03 under strains and offer valuable insights for the design and optimization of B-Ga,Os-based devices.
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D36-22
FAZS AR MgAgSh HEIEHL BB T
Tkbes*
KIEHE T K2
MgAgSh - F AR 2 iR N IO R A M RE, {2 Peierls-Boltzmann 318 FRUII ) #3225 2 2%
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R, IFEHE T SCAERIIFRAEIL ) ST 82 BOR A T RE A8, ATTFEL o+ B-A1 y-MgAgSh #F
P A U U

D36-23
Significant reduction of thermal conductivity in (Yb/Sc),Al1.N films
Ziyan Qian,Qiye Zheng*
The Hong Kong University of Science and Technology

With their exceptional piezoelectric performance and spontaneous polarization, AIN-based alloy nitrides are
promising candidates for next-generation high-frequency electronic and acoustic wave devices. Understanding the
role of composition and microstructure in their thermal transport properties is critical for the co-optimization of
piezoelectricity and thermal management, thereby mitigating self-heating effects in high-power 5G applications.
In this work, we systematically investigated a novel system of Yb,Al;.xN (0.184 < x < 0.491) films alongside the
well-studied Sc,AlxN (0.047 < x < 0.359) films, both fabricated via radio frequency sputtering, to explore the
alloying effect on the thermal conductivity (k). Our results reveal that k decreases from 2.27/11.6 to 0.83/3.09
WI/(m K) as the Yb (Sc) content increases from 0.184/0.047 to 0.491/0.359 for wurtzite thin films with thickness
ranging from 0.82 to 3.2 pm, as measured by frequency domain thermoreflectance (FDTR). This indicates a
stronger suppression effect on k by Yb doping compared to Sc doping. An extremely low k of 0.83 W/(m K) is
measured in amorphous Y s3sAlg.462N, compared with the 320 W/(m K) for AIN. Further temperature-dependent
k measurements for (Yb/Sc)Al;xN show an increasing in k as the temperature rises from 100 to 500 K,
indicating high Debye temperatures. To gain deeper insights into the thermal transport mechanisms, we conducted
the first-principles-based Debye-Callaway model calculations, molecular dynamics simulations, and
quasi-harmonic Green-Kubo analyses. Theoretical k as a function of composition and temperature show excellent
agreement with experimental observations. This work provides a deeper understanding of the phonon transport in
novel AIN-based nitride alloys and offers guidance for optimizing the thermal design of related devices through
compositional engineering.

D36-24
T TR i AVE BRI SR B )5 SR
K i 1]
PIBIBAR A IR AT

BBl s . AL R FEE PRI R 5 A fh PR RS Y 1 ORI 2R, Sl T i (1 2D
B R AR T, ORI B & ™R PR mtkRe. @ SERAE MR E E R I A
DO UYF NI 2L X RSN = KAWL A, X8 AE 7 d i VE BEARLEAT T RGERIRTEE, JF
LG BSEPRN I SE G, 0 T e EA R IR, 0A TSR IR SRR TR, AT
Wk T SRS .

D36-25
High-Efficiency Thermal Management in Nanoelectronics via Engineered Graphene-Skinned Composites
Fabricated by Fluidized Bed-CVD
Yuging Song*
Beijing Graphene Institute

The demand for future-oriented high-performance chips, driven by the ongoing digitalization and
intelligence advancements in the information society, is rapidly increasing. Nevertheless, this trend is
accompanied by escalating power consumption, underscoring the critical importance of efficient heat dissipation
for the sustainable advancement of the electronics industry. Graphene and its composites, characterized by their
exceptionally high thermal conductivity, hold a distinctive position in this domain. The controlled synthesis of
high-quality multilayer graphene composites, however, remains a significant challenge that hinders the full
utilization of graphene's exceptional thermal conductivity. In this talk, we will introduce an innovative composite
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structure featuring graphene as a conformal skin for ceramic (Al,O3 AIN, SiC) powders, leading to
graphene-skinned powders that exhibit markedly improved thermal conductivity and performance. This material is
synthesized via the fluidized bed-chemical vapor deposition (FB-CVD) process, resulting in a continuous
graphene skin consisting of multiple highly crystalline layers that are directly grown on the surface of the ceramic
powder, forming an impeccable continuous and uniform structure. The exceptional thermal conductivity of
graphene on both the surface and interlayer, combined with the strong phonon coupling between graphene and
ceramic powder, ensures efficient heat transfer at the interface. The heat flow within the graphene skin surpasses
that within the ceramic powders by more than an order of magnitude, establishing a comprehensive heat transfer
network in the composite system. Our findings provide a facile and scalable strategy for the synthesis of
high-crystallinity, multilayer graphene-skinned composite for the applications in thermal management of
nanoelectronics.

D36-26
PR I HEF R AT RS T AR % S PR BT A
XG> T SBLE WENL BN BRAK
o [ RS e AR A B 7E BT

bt T N PERE AL AN, TR L7 A G R E  R 2 ASCEETAish BY
PISE R JTETT R T — T 0CGE [ 5FT i &% 5, DAIE REBRET 4k (CFs) MBREELE (AlLOs) KL
AG R — HREAE e (PDMS) NFEAR, fil% 1€ MIHEFI 0 e T I A kL. IR RGHRTT T AlOs Ki
LA CFs SR 78 A5 K 200 &AM R AR BERORZ M AL, BT 7T 3R 1 24 10 pm A1 2 m AlLO; [T LIy 6:4.
CFs SHIT N 13 wi%, A AIE 1 T L 2 25.6 WI(m K), BOLINIGIE TSR e m ik 37.5
Wi(m K). FIHEMHE T RME (SEMD M X SF2ATHT (XRD) 041 T CFs XA AN 7341, SRR~k
SE [ TZAH CRs #EJE BEJT Il W BEE [R5, H 2 RS ALOs ERCIRAL 7 22 . [RI, i) 2% )52 [l HE 31
CFs F#vE e AL R AZRME, AR IR 00 £ 0y 55-90 B, RS g T AT LA BE 4 O 3E 7 J 1 18] A N TRT B, 72
LED B gs AR A BEAR T 11.4°C, el 1AL IHIAPERE . 0T FE 08 ik BESE R HEZ A I T A4
R TEAT R SR T ] A R B S 4

D36-27
HIE BT RS BRI R
VLR, S5, Wi
SRR S T, HE TR 8 5
B BT AT R, R R H 2 R . AR SRR BORT 2 R, 3B T RER e
P, HA R RIS — D 7R AR RT, SR AIEORIE R R REAE . LIS T
BRI T W KR E PR AR IR DUR ST R SBOR RIS RS, ORI = AR HERG RO A5
A D BTG e LR DR BEJR AN 22 5F S L Y B
W2 ZERBIT, B AT RN R 2 LGN RGNS @I Rk S &, AT
BOH RIS T 2 B A R RS R A S R B IR 2 AR, SR AT RE A SIS KRR G S AN m] WG AT Ah 4 i
BeBURR RS 5 BRRREA R, BATRRZESEIL 1A 8-13 TR KA H I B 95%(1)
FAKRATR . BT IPRIBEIRERIR, JTRRIRGKENE, SCHL 1 oo Ja SERRHT K 35 i A 7 B T X0
R HUKAIER] 150N b WA R ERIME . A WIREHRE TR . SRS RS H 7 (3 &
J& R et BRI 2 IR IR [ I A - T R AR R _RIR R AE — PG R S TN e ik B EEARIE JREIR BEAIR 25°C,
PRI 15°CH R FEFERIERE . ZIRBI T2 TSR A i, ffRE R ST KR SR B9 A PR
D36-28
PR A RF TR S5 AR R E
CISENIE 1
LR g BT 7T R e
R LB R DA 88 (0 7o PR A T A R BAT AR S SRR e (EEl T B RE R A A, S vk
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REFI AT IR RHE AR L B o e AR SE IR TR T AR A AR RE s A SOR I e 2 1 26 17— ot LA
NFEAR, OSBRI E SRS IAEL . MAER BBERAL T In/Cu R &ML S 4k R B
RAVHEL T ANFE S5 Culn AR S JZ 10 50 S AU, 85 SO IR R 45 il %% 2 40E% Culn A F R 30,
I T Culn M FHIZ RN E AR S AR . 45 RKY, In-Cu SN R ME &, TR Culn
FH5 In A1 Cu BN EE R 145455 Culn ARy HESE 2 HLJS R I S 2 sy ; 58 2 Se b %1 0L T
JEEE~1 pm I Culn AHFH T E A4 MARESIRIZ D AN ESAR, 8 Culn M HE ~1 um JEFBESARN T
AR, N 122.25 Wm-1K-1, 22T R 1.4 15 o v ST IR A RS OE T B i B 8 8%

D36-29
APG-Al &M HFH R HHREHIRFA
I e
HHF TR A 5%

NFE R A AR, AR SRR HEA R 5] N ST AT ER (1500 Wim KO I8 K FiF A 55
(APG), fil# 1B KA -4 m FRE MR AASSERZ RIS S, AR SR,
BT %) APG #HATRIIE, P57 T Ti nRk MW E, MEH—PHE T Cu&RE, MEXZF M.
WEB T Ti otk 25 SRS A IR, [RIB — o0% 78 15 31 I 002 45 4 vl DLE— DA A A 880 2 A () 5
&G, RALZEMIRIIERE . 75 APG AR /350N 60%HI1E DL, APGr-Al TH P #45: %ik 3] 939.48W/m K,
YL HR N 151MPa. APGeyri-Al TH VG Z Ny 954W/m K, HiZ5 9y 156MPa. NIT K & S e i g —
PEIHARHEHE T — B RBusE.

D36-30
BT ERREEE MR
MIEF

o [ A2 e T RHEOR 5 AR S B

EFER, HETRAEEE AL RER MR, RIZGHF2] 7 E A E R E ST =2
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BLA AVE B RHAT T JORAR, A ROER S AR LA, MO BRI s Az .
A AT X6 FL - 2 s e SR AR - T I I A R AR SR R T AR AT T BRI R, e
W 7 ZAROR R ZYERPRHORL 1 i R HES B 5 o A S A AT PR AN SRR, BF A A
PIHAETHL SRS, HRPOREGFACE 7 RIS R AN <5 5 PR/
RIS 55 R A R BE BARE, AT H I 1 37— AU A R I ER S i ok 7 58, SEBLTAT B 2 R0R
PRI ATETBOR 5 77 o

D36-31
T R AORE [R5 RS A Y AT 260 28 e LA
ES bk
Bl PR NG 2

SR (Thermal Interface Materials, TIMs) {4 H 7% & #VE HIHE R TP A% 04, B IE TS &
POuf S HEAS Z RO S B BRI . T2 N T 56 bt Ay S i B 2 TR 28 1 34
EEA . UATRAWEMEL CEERE . B SR RIT, ML 2 S ThER SR B R . B
A TIMs [9FF R A IEAME G R EIR , AT i T, AR Bk A SRS HEE o0 F oW 454, PRty
REE A LU N m RO, ST Pl S vt AT SMUTBIAM B AUKE RS (Vertically
Aligned Carbon Nanotubes, VACNTs) TIMs 4K RS0, il KEE. @i, =% E 1 VACNTs, Nt
AR POEAE FIFRERT R . (S B ERIEE R v IR IR B R R, W AR AE S5 78 S N LR v () 52 vk, M
PR ThE T BRI KBS BRI VACNTS FOBLHRRE, BRI U, Ik i
ISR BT o B AL m D B AR A, KA AR, S R D .
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D3-32
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D36-34
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AZO Materials 55 [E A 1M 44 A LU 58 4 s B % AT 40
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T PdS,, SAKH Slack BEALFARF &5 SR1, T4 B E BB 10 PtSep, AT R R & TR
PdSe. 2543 HT R M, Pt JG 2 I RIS R 2308k PtSe, HH 1) Pt-Se S, (75 71 1R1HH ELAE 1 56,
M FEL PtSe, F B H 5 /IN AR B AH 2 [E) AR 55 1) A ARV 1k R 38 I T 4R RIS ot BRI 1) . (EAS— 320
f&, REAMERK AT R R B SR E A R S, DR RS DL Ak st oRE AR SRR 4 e AT B PG R

D36-44
FHAMEFRALR I ZFF KR N 2 EAE Mk
MRy VEilh. SERRRH. SoBh. PSS JRgEs
US4V

FEARRRRREI K. AMTMRE IR SRPIRARE SR, BAMREA. i (2R FEmE 8
#r Cionic thermoelectric, i-TE) M EMTEET Iz H TR M AL R A BITIIE = Re IR 2. Ha, e
SERRNM A FER, A -TE MRkt Re Siae Mk f5 it — 203 . thah, n B i-TE MBI RED . #iidh
VRPN A0 775 B 122 PR 52 B S B R 36 o AR U8R H T — oo S« e Bttt 5| AN FIBH S - (X = Lt
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Na‘. Mg2, zn2), FIHEMSREMLLE (PEO) A (EOQ) HIFALAE 12 Sk AT & T kg .
T I RE A R 4 [ BH B 79 B3 A0 Eastman 78, IR T AR n BUREES §-TE MR, 3 T3 )
WEW, £ X/EO 2N 0.15 1, —HBHEF (Mg2R1 Zn2) M T — M5 (LiTFl Nat) 538 % 57/
PECR 2 TR, A B T4 s A i 38 AR SIS M, AR R PEO/METFSLI# AN -6.18 mV K%
B AL T — Rk & PEO/LITFSI (1) -1.6 mV K% SIS 5SS A BV &, S0IE 7 38 1% PH 25 7 i
BT R PR BE A . X e ORI T PEO () n B[ 25 i-TE MHRHEBE T RIFIISE RS

D36-45
FUBRFEXT T S 111-V 2 SRS BB
ST
IR B AR BT T

11T AR S R SR B SR BEAZ O R, BT L T T AR A B AR, MR IR AR LR
(PSR FE T S TSR EL S, BERBRREATER, Kk, AR ERET m S ARV SR m 2 1
HAGRAER, S TR E A MBI B0 E B, K, L5 Ll (c-BAs) &AL (c-BN)ZE 111-V
G PR R S 3 G2 2 B2 R0, TR TR S R I R S . FRATR AT
SRR B RS AR SR BT VA AL T AR MY i S A NSV SRS I, R T s EREA 51 R
(GRS RO LR, B T AU S U R AR 5 ARE A UM Z R SR 4+ 0 2R, AR RUBR I 1 B Ay
ARAS XS 75 FHIS PR o AT FUIIR T %F s S - 75 - HUR HLER AR, R BRI TR P o Rl A 1 12
CNEE

D36-46
TRPIK R 58 A% IR BB AR
TE2EW*
VU 22 S RS AS F Bi

RS BATRFIR I AL T REF A5 . RO PR AR L . DL SR K AT PR R . (RIS E0oK
LR B TR AR, WP REGORE N S N AR S LR 1 S IR OB e BONAGE, AR5
AR T B 7S FAIE LR 2 R 2R v E RTR sk DA N BRI T . S8 R S i AN EEANOR T 5 NAR Y
SIGEH AR, RO B AR R R, S5 AR IIREANOK 0.112% 1 B AR A AT G B0 G A SRR B
(3445)%. 2% [B] (1 AR 44 5 ML AR A FE R 1 A R 22 (6] P R AR, O 7R3 —VE IR B A oF S 25 e AR 1 2
JS2AR 6 EE XS 7 iz (5N, SR T /N JR 338 S AR A 73383 1) 7 ORI 23 18] o (1 AR 28 S SRR R o 1%
BARRRLS B (B IR 5 SR 4 A B MV SRR L . A FZ PR AT DA 31 i 75 1 8 98 RN 51 S A
FEFRUR R, AT T T RIS R GBI, R 1 REGNORZ B ith A B (7S 11 R 8 AN
JEl T, RS T T R

D36-47
Pushing thermal conductivity to its lower limit in crystals with simple structures
Xingchen Shen*
Northwestern Polytechnical University

Materials with low thermal conductivity usually have complex crystal structures. Herein we experimentally
find that a simple crystal structure material AgTII2 (I14/mcm) owns an extremely low thermal conductivity of 0.25
W/mK at room temperature. To understand this anomaly, we perform in-depth theoretical studies based on ab
initio molecular dynamics simulations and anharmonic lattice dynamics. We find that the unique atomic
arrangement and weak chemical bonding provide a permissive environment for strong oscillations of Ag atoms,
leading to a considerable rattling behavior and giant lattice anharmonicity. This feature is also verified by the
experimental probability density function refinement of single-crystal diffraction. The particularly strong
anharmonicity breaks down the conventional phonon gas model, giving rise to non-negligible wavelike phonon
behaviors in AgT1I2 at 300 K. Intriguingly, unlike many strongly anharmonic materials where a small propagative
thermal conductivity is often accompanied by a large diffusive thermal conductivity, we find an unusual
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coexistence of ultralow propagative and diffusive thermal conductivities in AgTII2 based on the thermal transport
unified theory. This study underscores the potential of simple crystal structures in achieving low thermal
conductivity and encourages further experimental research to enrich the family of materials with ultralow thermal
conductivity.

D36-48
FE A HRERA B L R TR AEE
Jx. DR Bzl kAR
R O K2

A2 AR, 55 AR SR B ATE AR S M RSO A P B S ORI E E O EH, H A
B (GaN) & IR 15 ) 2 FRIERI M B 2 —. 2, GaN 3 R E AR NI R TN & S8R Rt
MRS EH A #E A, BT s AR TE I I = T AR PR IR AL, AR REA GaN A% 7 Ay Al n] FE M i) H LR
H2Z—, WRHIZ) GaN H i fhiE— b R B [1-2]. KETREN, GaN F AR T 45 X IR 1 #viiis
FEZ GaN 2. FHENERAREMRIIA SR, & GaN ~ME JZ it ik 1) 57 5 A b3k 5 w1 7t
TABH(TBR)E B2, HBTA AR GaN & & IR 2 A (HEMT) 4775 KK TBR 11 25 [F
S BT AR 3 R G RE B ) 7 V255538 ) GaN 2 5 4 iC 2 22 111 T 22 i 2 AL B K JE R L #5236 K
i, WNREBVEAR Rl R B R 0 = S IR R S E M RS R, IR NER IS s SR A AR AR S
SERIITE TR %, K28 H AT GaN B8 AF N #h Ze % BA TAEG SR B it m . mA SR E
rEE i) 2 @ 4 M (PCD) 5 GaN & F 38 AR 1 e S A Bl 0 R B tH A0 e RO BRCHRGE 70, mT i 25 4 v a1 PV
HIPERE. X T GaNHEMT 1fi 5, &S KEENZ S T S&NA & S#WERe, —mar U PCD #
IV TSR SZH, 55— J7 T Al LUEIE7E GaN HEMT Y438 T DLAE KBt & 7 SRR Rk PCD Sksziil; R
RIREMCE I, HHMEERIEARNE. AT LA GaN 55 PCD ® &M #atiae, ASCRA
FRE W T S SLA A RGN T GaN HEMT TRERA: K A4t B #eff) PCD () TBR L HMG R, #it
FESLIGXT LG T AN s T A 2 E AR SR 25 3L TBR FA R A5 . 75T 43 S50 2 40 2L Ak
by AR E R 5 — M R AL T SR AGEALE] . IR A R T HCEREE AR R T GaN 5 PCD
PAAS R F R 7 U BRI HEMT [ FE B e A HARAL 1211, it — 20 k¥ PCD Xf GaN 2 Hi T 83 [ A
PERE AR E K BT ISR AR U 2 P2 it T R .

D36-49
TR R B AR E AT
R
WU 7R
ASCRA PRI B RO, BT 1A RIS AR A A SV e B A IR 3 R R R 1

KA ORI 5 T AN A 2 R T R SRe i, e 1 & BRI E 1P . vdW-DF-R Fil vdW-DF
R TN (1) )2 () B B 2 S 08, 110 DFT-D2 PR W& 38 7 F IR BRRLN, A TRl Yu s A BAE A, 15
B 2B PR /N o VTR T B S5 R B, vdW-DF-R #5278 8 B HERR I8 22 2 5804 [B) IR AR FL 72 P R B,
15 FH P )57 (R 0 O S R AT 5E . X EESEIR AR, vdW-DF-R 55 8050 X2 A 58075 (BLG) Al 4 48
RTINS S IR W) & B

XF 7 AT T R I, vAW-DF # A5 BLG B 1282 B U AR R, ] e S G Rt
R AFEATR, BLG AU SRI A R BUNRAFEER . /£ vdW-DF-R #i4i, BLG ) ZA &1
R AR B be A SR T 5, PRAC T H SR, W7E DFT-D2 &b, A SRt a Hon, SEEMGEXR
THEAEIRT BLG. 7E DFT-D2 f84H, A S8 InAUHE 2% 18] 2. 3% /& T BLG, H{EZ) 15 THz A fFE7E Pk,
XFUAABZ0 vdW A EAE G T B SO AR, %P I BE A SR E RO T L K, S F
LIS A RS, B2 A SmACT R RO nm i, e KR T EAR vdw-DF-R Al
vdW-DF #8 e, BLG [ IIAUR 25 (IS s T a8 . B4R vdW A B/EFIIG5E T BLG 1 ZA #0 A 13E
B, KRB AT E, (AT )RR vdW AHEERARRR T, HEA SRS B 2 20
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HARFI], e A AR S - T A AR A AR R R A R, SRR AT .

D36-50
W NIRRT HFE M
ZOLH*
R
Bt BT REIR TR SR B R BEAL I AR, BT s Th R E IR 2 AR LG, ek

SENEE AR, RRREEI AT ORI . B T 4 3 00 T B R IR A SR IR APk, R 7 e AR
AR ORI HAR E W EE A o R R 40 Tl 2R G UGB B e 0 Tl R S5 A i1 A 3R 5 N2
WHFC, R HAT M SR Bt SEUIR RAR IS A R ], B L SR Bt AN AR R =S D5 T
TRARRBIE T LA . WA RSt JI D REA I I SR T it SRR e Rk THLER 2 SRR I i i
2 R B, TS5 M 0 22 R BT SEBLSEEE D ERE ;s SR B R w1 R i A i i 3 i 94 3
HAHEEE, BRI I HOT RS, IR R S SR TR . ORI T LA i R 2 A e Wl 58
A P s ) e T AT R IR B S PR SR O A R T SR

D36-51
N T e Bh 135 e A iR
s>
HHE R
A VeI P AR L i e VI B IR RIS R A D M A T S AT I R R L T AR R AR K

BB ROR DR H R R o 1 5 52 503, (BB MOREXE DLIE R S AR IR A A B . BRAER 0 BRI A R L 25
WEERIENAE ST, BEARTE K B S TARS SOl aen M. 2800, HHTREY BRI 1 5lE MR 5
RS VERE AR R B o A FUR IR BE S ST ORI R T — Bl RS R IR AL, IR i S A6
FEARAE B SR BRI ERE . X FPARLNE I N AR 3G FOE R RE R B IE N R BE AR, A RE
g BONIARAA . FEZ AR T RFFDRERRE BRE DI TARIRES, A RETH LI eR .

D36-52
AR RIS IR B I BB S R A
JARBE*, BIRT. B
M R Tl K2

AT Iy P SR A RUBE e B AR 3 AR oL, Lt BRI AT TSN T K BRI B3R & e AT B
B AT, RS iR BoR FE R TR AR TR R AR R A SR . SR, %2
PR T A2 AR 20 B FEAS 2 DA K RE AT (BRI M B S5 [ A R BRI JT VR AE I Re SR T 7 THI 8 1 e DA
MRS, ST, AW —FhELE R M AR S P i iR A B A%, RIS 5] N 70 M 50 7 ] (R A
FIEREN, THAL GBI RIRYE . 273 (B3N S0 B 884 SR A L 1) Jo 3 e 4R A8 U A0y i 2030 7o
[ 5EAH BAEH 3 2 R AR IRE . AT OOTE O R ST AR AR S 7T 3E X, B RIah 3
WAV I B T B FR T A T RS G &R, BV AT SEIAR S L SRR P A 1R B 3 B T . 2B SR,
TG 2 (3 30 P Sk 2 1) 4E R dkE LR F Re 8% TRAEAL Seile b St i) SR sl SR ), sl S5 e B E e 37 1] K Y
LB B v danis, LRSI BRI I RO IR ROR . AR R (B4R S S (R T B R
RT3 % SHR ARTER R (R R SR,  DAIVE S BRYR A R 1 B A IR ST B SO S HR AR

D36-53
FAREIMERERARBEENRIMEREAHIE
R, . dER. RAEE. 2E. BEC. FIR
S HRE MEERER
R S S I AE RS2, JE T 8200 I 2 SR OB AR RS - 2w L 11 55 AR B TR T A4
B (TIMs). 28T, PRIRARAAAE, B, il fE R AW SLilA S| a P HES,  BLA A
S I A SR ST S B . A AU R RS IEO 2 (non-solvent induced phase separation, NIPs) #%
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REEEFAIREFAR, ERMERR IR T 7B ARG 5E. 568 TP RIZCH, NIPs
TZRE AN RA B H KA 7 LEMEA AR R A B0 E . WS, RG-S a5 1E
2800°C Nl A7 S A0 AL FEAY 5 A7 SR 4 il T2 ELHRA A S M i 40 . AU G A5 R, I IR A RdE s T A
S-SRI AT BT, KRR A SEE R AN EIRERIR T, SIS A S mAERIRE G
J5. T4 VARG B S R (7.5 wide) FIEILHRHA 29.5 W m K (L R AMA SR, xR B
A SR A R IS 5R K (specific thermal conductivity enhancement, specific TCE) # . il
1950%/wit%. th4h, 22 A HIBAR TR R R B R, AR &R e A F i S F TSR3 T 40-70
K mm® W R AR . AT 78w Ve e T SRR 2L B SR MR AT R IR T B S %,

D36-54
BALAEIFORLRORL K FLAE RS AR P BB
EISE i
JEE RO

IR, BE%E 5G. ANTLAAE. Froeday 5% s i T AU RrEL B HERE, AT o aiE
NI B IR T AW AR, IR A FL A B R o G ) A L 2 RO R A %
ATV A R AT, T AT ARE AT DU 2R i 7 SR TG RCR . (H 72 B AT DAL SR B R R
] %% PR A% GE AT AR CIE 96 AL i R 3 7 e AR IR R R, F 2T VR BE RO FA S T A e LA
XTI R kA . B — P REOL R O S AR, BRI A IL 320W/ (m KD, LA ALER
(¥ 10 15, ARIFAETEREAT AR EAERORE,  BAT AR RN P AT 5t AR 7O I A8 I8 55 R 1
BRI R RURLHEAT & PR RORLAE G, RS S A VISR EE, % H AT 10Wim K DL ) A
Fr o T A2 R D AR AU L T s R RO

D36-55
AR THRBN A B T RSP R S AVE BN BT
FH. B mER. B0
S iPNS

R P R A P 74 0 S I AR, )V B SRS A ) 7 R AT FACRI IR E P2 B 1 1 Bk
T B R BERGHE R 2 A M S IR 8N, TR RAT PSR BEARE P R T P 7 20 s folOW RUBE DU 22y
AR IRBN S B T S E R . e RiA R TP EHLSIRG EPO BN TTHL T AL R K [L], AWFTT
BT PRI T3 1% (AIMD), itk 7 VASP J5ARES LS IS 7R BRI T8 . 53R 1 4% 51 Fd
RGHR LB TS, RIEERIE TR, EAWRIER M PR AR A SRR 7 A 5
THIR RSN SR AR SRR AN R AR AL ZEUE B 1 AT BRI T R 1 IR sh 2 1) A7 A2 AR a1
P, X AR 70 S A AR TTIR S E 1B IR SR Al . JLUCR A Dh 3l % T i ST 3R EPO
R, SRR RE R 2 3 b 3 7 AR T EPO 2 AR IR BN S o IR EE T S B TIREERS N, BKE)
F ARG, SR T R TG N, TR A R A TT R, X A RR SRR T
IRz GRIERN) FE ARG 1 RIBNE . tRAM N T A )57 i IR A EPO MIANHREYE, E T R ¥
IREER T E RS J5 T EPO JANJE 1~ VEPO Ji, THE A RAT Ay I8, W 7uss R W] GaN iy 3
A TG R, H e GaN SR thi Ik, A ALk WIEATBRTiZoR 55— Ji 2
THRARRMNGE, WREEFESHAEE, WE 7RSSR, PRz s RIEIR GaN i 4ty
MR BN e/, XY LT e IR A BE R UM REE LR it 1 BRI . ASCIR 1 B A Gt
THEAHERE 7 X6 - ARG F o 7 I S A B, o s RBEIR I i B e iy #A it Bt 7 ARl
EE L

D36-56
T2 FLE SR H1% B AME S 2 143
KA
HLF R R
SRR AR T EUE SR BEFCIE, T H A L TSR R F AR o FR 1V BAE I AR AE P
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Rk, FIRIRSANEM E H (8-13 pm) KAEWENREN BRIEINRE, RS R 7 Hgie. R
T 2 BAAE T T L FH A 52 el M T AR S T, T o) 72 200 2 PR A R o Pk . AN T —
Fofrid P T B SRS I ) R B A G R LT AN S S el o L SN URTARRS R it SBL T 2L AN S 7
FVEE . SRR HEEESELE (PDMS) A A B T 2] s AR A IR, FFAER e A I TR T i
BIEANYZ R, FD K ] WoeE 35 58 LM BN 58 e e B . i) % T2 AR IR
AL o iz as e B AR BT W UAR AT il v MR 2 BUE AL B R MERE (RFFZ) 2°C), A0
J 7 ST RS AR RS PDMS [ B M, B PRI 1 HAE R S SR h A
PRI SR o AL MR RE 17 9% 9 SR A S 3 T A S A BTSSR AL 1 BB A R 7 %8, X BRI HUB AT
REAE A A B N HIAME

D36-57
BOEIN T A% FE 7 S5 H B 58 MnFe.O/PVDF 5548 SV L) o 7 B R BV B 5%
i, BT KE. XIBIRG. BCATe
AR T AR

EEXT IR BN DR A R R A SR A ARSI, A SRR GEFE. Toi5 Y2 A 5w 5 ol v
AR, FRT RS E i €. B ieiRiEf] % MnFe.Oo/PVDF T8 48 S 2 A, A Bk i %
ik 0.96. SKERERW], fE 20°CHEHRE T, M TAEDIHE 9 W I HL 7 234 R R B2 M 90.8°C L2
P %2 83.2°C, SEL 7.6°CHRFE. Nit—BHETHERE, 254 COMSOL Y3 B SHOLHIN THA, 78
VLN TR M B B DS 54 o AEFE T, 50 S A 2 I A ) Ll /S S S 3 K s/ N 34 o A I i [ B
9 0.75 mm if, JERELE 3 ~5 pm. 8 ~ 14 pm Al 2.5 ~ 25 pm R EBR SR HIFETHE 0.960. 0.969 5 0.964;
AR VAR 22 B 7.6°CHE— AR TE R 9.4°C. W] WG 3R I T A4 m] BIp [R] 5 van 1AM R S 30 5 18 KA 20k
SPTRIAR, S 380 1 B B i A S P PR e o ASHIT T L B A i RGAVE B AL TR RL S A et
BEMBEILS %,

D36-58
AR HEN BERIRETER TN REEWEN BT AHE
B I
S AP 2
HL A5 A A . AR A AN AR s A I B 1 e, SR B A FEM B BE R 2 FE A A R g2 1 1 ™
REER . FRATTEIE 307 ST 3G 5 SUE R [F) > SRmE, AR T R 4 S B BRI 3 X — KA
BRIEBAGEK A (BNNS) FE JF LA 85 (rGO) JLA 4 BUE BB % (PD ik, JERES: KM
o, (et R AL . F2EL BNNS. rGO Al PI 2 (Rl 58 Sy a8 i 7 T e I AT, i BNNS Al rGO
Z A i HUR RS & 7 SR AL, fE LkHz B4 12.6 A MHEZER BNNSIIGO M
AL T E R TAE R, N E RS RIAF] 13.6 W/ (m-K). B0k, #EH BNNS RS g R~ i) 1
T EE LR, WIMRFE T 440 KVImm & gf B o X0 TAE R T R EW-THGKRE AR
PERE A B 8] BB, o T St H = i ) s 1 R A FRE R A T —Fh S NV B 1SR .

D36-59
TH ) B PRV B N A R R A R R B T AL MR S BRI AT
PG KBRS, R, BOCATS. HKIEAS
EOBUHE TR & B BoR B K sk, I 430070
BEE B S AW NG SRR A T R B, FLE A H ai g . AN A 4
ARAICAETRERE S KI5 YA 8] o5 PN R IR S, ORI AR e B U 4 B R B AR B . SR, R
F T L B I B A 2D A MR S VA BRI #8 T 0 A 1 R AL S ) T A 4D AN S M R A SBT3kt
TEERIh #1457 R A B MeFe,04 (Me =Cu, Mn, Ni, Co, Mg, Zn) ¥R, JEWFSC T REMTE 3~5 pm.
8~14 pm. 2.5~25pm Fl 1~ 22 pm PRS2 WEFURIL, RdA B A RHE 58 7 20 AR S VR R 7
MR, FElE MnFe,O, 7E &3 B AR B 1 e R S 3 4l, 437125 0.90. 0.97. 0.96 F10.97. 45
T 5/ NPRLHE BN R 3R IR B AT LR 4T 3 ~ 5 pm R B SR, I 5 b AN X Bk A A
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AR U BEAE R 8 ~ 14 pm BRI RS %, JET K MnFe,04 45 °K 5 PVDF. Graphene 5 & 57 il £
TP LM S A, RN T TR PR AR . SRR, EMERIR N
20°C. e TAEDIZRZ N OW I, 1% E & AT i1 4 R I AL M 90.8 °CIEIK % 83.2°C, JEILH
RAFHIBEARIR o A8 TAE R T - 150 4 FAVE B ATk P S04 ED M R R TH AT e AR AL R A T H LS
%,

Bk

D36-P01
PMMAV/SIO2 & A48 5 AR ] & 5R1E
BEUTE 2. mAT2 2. BEHA Y2 ENTR L DML ROl SAE L AN

1. BRI R L AERERR R 5T

2. AL KRR S R T
FES A BOR N R BEFE . KI5 Y03, 72RO S ER B G HURIR S S A% AR J7 T B B /7.
HAEAR S A PR 5 76 KB Y6 S 0.2-2.5 um S8 S DA /b B IR AL, [ A F KA 5 1% B 8-13 um
HA& RS DUR N AR SRR B . SR, B BAR S IRAAER & T2E S AR BENE, Rl T
HAMABER . AW H M T RFRAGRTE (PMMA) 5 A4k (Si0) MZEE A,
I BRI T8, SEIMR A o R S 78 . I FRTTIE T, LUBIE N RS E . PMMAJSIO,
THERIR A 2 R S 2 1 2 A S R E R BRI B S 395 94%, 36 E BRI AT 471 - PMMA 7ET] WG 2 %k
Fai FE, MELLANEBON e R B SIO, K Si-0 A IR, KA E DR BRI LR, P IR
SRR B o S0 SR P BRI 5, ARG T2 45 R : PMMA/SIO, igiE (600 rpm/400
rpm, 9 KO FIERFHEREISIME, SRR LK PRI B Rk 83%, KAE DR RIE 93%. HHib s
SN T PN T B BE A LR IR AL, i 2 S AU I 580 S, RN PMMA 5 Si0, SRt stk 20 4h
Kbt AWFFUES T 2SI 7wt R A A IR A Hl 4, AL R RS % . Rkt

—SRI R R, HRRMEE Rt DHESIER L.

D36-P02
P A T E A AR BB P AR K BRSSO i
R BB A
e N2

bEE 2 = AR SRS ) S DR A TARSS IR R, HEEI AWM (BP) N2 2R
— 75T, EP PUREFAARE S FEREREMR; H—JH, EP MEHZIK R (=60 x10¢/T), £
Jr (SiC/GaN %) FIEHAER (1 AIND 1 20 5, £ FECE ) -EP FL1H & EP-AIN FLTH 7E PG 72 A2 BOK
RiJy, BURFVHITR, 1EME 1 Re a2 R R Ak, EP B MRPE IR T R 42 R o
AT T R AR LR EL Zni.sCuo.sP20,  (ZCPO), H:AE 20~190 T JulH I, HEZIKk 2 %520 <
106 /T FHHGHEM PR A, B IRAE ZCPO/EP-61 2 A MR SZE 1 2KM B Ik 280 (4 x10¢/T)
A UL-94 V-0 MR . Pk ZEUS M A (SIC/GaN) /B HIA 241F (AIN) UTBALHE, ST
EP 5 R /Hvli A BRI S A ), HAMVE G IR (TIM2), 4k 7 FA ) 74 Th 2 AR 2 1)
B A AT AL G A TIM2 BIBEAZE R, A TR 28 H AR E T 42%CHH 18.89 T #2714 26.85C),
NIRRT BRI T J10R R

D36-P03
Accurate TPS-Based Thermal Conductivity Measurement for High-Performance Thermal Management
Materials: Modeling and Sensitivity Analysis
Jiagi Gu,Qiye ZHENG*
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High-performance thermal management materials are critical for the next generation of electronic packaging,
aerospace systems, energy conversion devices, and high-power optoelectronics, where efficient heat dissipation is
essential to ensure operational stability and device longevity. Among thermal property characterization techniques,
the transient plane source (TPS) method (ISO 22007-2:2022) has been widely adopted for its versatility in
measuring the thermal conductivity (A) of bulk solids. However, for materials with high thermal conductivity (A >
30 W/(m K))—a key target range for advanced thermal management applications—the conventional TPS
approach often yields significant errors (as high as 97%), largely due to simplifications that ignore sensor/sample
interfacial thermal resistance (Rc) and heat conduction within the sensor structure.

To overcome these limitations, we propose a comprehensive framework that enhances TPS measurement
accuracy for thermal management materials. Firstly, two new analytical models—the Realistic Sensor Model
(RSM) and the Multilayer Model (MLM)—are developed, capturing both the Rc effect and internal sensor heat
conduction. Secondly, we introduce a temperature derivative-based nonlinear regression (NR) method that
significantly improves the robustness of thermal conductivity fitting, especially in the presence of unknown or
varying Rc.

We further perform detailed sensitivity analysis and parameter correlation studies via singular value
decomposition (SVD) of the sensitivity matrix, guiding the optimal selection of fitting intervals for A and heat
capacity (C). To validate our method, we use both experiments and 3D finite element simulations (FEM),
including a high-fidelity model of the bifilar spiral TPS sensor. Materials with a broad range of thermal
conductivities—from polymers to metals—are evaluated, including polymethyl methacrylate, borosilicate glass,
304 stainless steel, and aluminum.

Our findings demonstrate that the proposed NR-2 method, combined with the new analytical models, can
reduce A fitting errors for high-A materials to below 10%, even under Rc variations spanning one to two orders of
magnitude. In cases with known heat capacity, a simplified one-parameter fitting further reduces computational
time by 30-80% while maintaining accuracy within 5%.

Additionally, we propose a derivative ratio model to address practical limitations such as long measurement
times and large sample sizes, making the improved TPS method more applicable to real-world thermal
management material development, including high-thermal conductivity composites, metal matrix materials, and
carbon-based thermal interface materials.

This work not only advances the fundamental understanding of the TPS method but also provides a powerful
tool for the accurate characterization of emerging high-performance thermal management materials, supporting
their design, optimization, and integration in next-generation thermal systems.
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D36-P11
Isotope-driven hydrogel smart windows for self-adaptive thermoregulation
Hongyi Tu,Wu Limin*
Fudan University

As a cutting-edge and environmentally friendly approach, thermochromic hydrogel smart windows show
great potential in combating climate change and achieving carbon neutrality. However, the substantial absorption
of near-infrared (NIR) energy by H20 poses an enormous challenge in enhancing the spectral responsiveness.
Herein, we propose an innovative concept of isotope-driven D20-hydrogel smart windows, which can effectively
resolve the inherent issue of NIR energy absorption associated with H20, without compromising versatility. It
facilitates near-optimal transmittance modulation across the entire solar spectrum (AT'Sol=91.97%), demonstrating
a marked enhancement in NIR modulation of transmittance (AI'NIR) and reflectance (ARNIR) by ~16% and
~31%, respectively, in comparison to conventional H20-hydrogel. Moreover, the integration of Ag-nanowires into
D20-hydrogel further substantially augments the regulation of longwave infrared emissivity (=31.89%) while
preserving a comprehensive modulation ratio (AI'Sol=66.02%, ARSo0l=48.41%) that is not achieved by the
existing thermochromic devices. This isotope-driven D20-hydrogel smart window provides another design
strategy for future energy-efficient windows.
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D36-P18
A Dual-mode Ceramic Aerogel for Human Body Thermal Regulation in Diverse Climate Zones
NN

Dynamic personal thermal management techniques may be more advantageous for regulating the
thermal heat transfer of the human body to stabilize thermal comfort, since external surroundings are in a
dynamic state. Traditional textiles, constrained by fixed infrared emissivity and static heat transfer
coefficients, lack adaptive functionality. Advanced fabrics must incorporate intelligent thermoregulation
mechanisms that dynamically adapt to fluctuating environmental conditions to provide the thermal comfort
zone of the wearer (28-32 <€), which could be achieved through stimuli-responsive materials such as
phase-change materials (PCMs) for latent heat buffering, shape-memory polymers (SMPs) for pore structure
modulation, and hygroscopic fibers or coatings enabling moisture-triggered heat dissipation.
Nanopore-engineered fibers providing visible-light opacity (via scattering) while maintaining mid-infrared
(MIR) transparency. Such materials can lower skin temperature by several degrees compared to silk textiles,
taking advantage of the high solar reflectivity (0.3-2.5 um) and high long-wave infrared (LWIR) emissivity
(8-13 um). For cold environments, metallic nanowire-coated and nanoporous metallized textiles have been
developed to suppress infrared thermal emissions from the body and improve thermal comfort. Effective
heating demands suppression of body infrared radiation (7—14 pm), responsible for 40-60% of heat loss.

Moreover, stringent material requirements exist for wearability, breathability, and flexibility, and
rigorous optical engineering. An exciting possibility is to fabricate metafabrics with high-MIR transparency
for radiative cooling, while embedding high-MIR-reflective nanoparticles for the heating mode. Here, we
report the large-scale production of uniform and continuous nanoporous aerogels (nanoPA) with cotton-like
softness for industrial fabric production. The nanopores embedded in the fiber effectively scatter visible light
to make it opaque without compromising the mid-infrared transparency. Moreover, using industrial machines,
the nanoPAmicrofibres are utilized to mass produce fabrics. Compared with commercial cotton fabric of the
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same thickness, the nanoPA fabric exhibits great cooling power (>100 W/m?), lowering the human skin
temperature by 8.9 <C in summer and warming the skin by 6.5 < in winter, which corresponds to a greater
than 20% saving on indoor cooling energy. Besides the superior cooling effect, the nanoPA fabric also
displays impressive wearability and durability. As a result, nanoPA microfibres established a foundational
platform for scalable, energy-efficient adaptive textiles, paving the way for sustainable personal thermal
management.
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