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RATMAN: R E
Innovative Development and Smart Applications of Phase Changes Materials
Rugiang Zou*,Zhenghui Shen,Feng Xiong,Mulin Qin
Peking University

Representing as a promising candidate for clean energy utilization, phase change materials (PCMs) have
gathered tremendous attention with ever-increasing energy and environmental concerns. In the past decades,
PCM-integrated energy storage, conversion and utilization have been the mainstream in this field. With the fast
development of science and technology, with the growing demand for functional and smart materials and devices,
the innovative development and smart applications of PCMs have become hot research topics. Moreover, deep
insights into the material design, structural and performance regulation and related scientific mechanisms are still
insufficient. More efforts are required to promote innovative development and cutting-edge interdisciplinary
applications, thus enabling the high-added value of PCMs.

One critical application of PCMs lies in temperature management and thermal shock mitigation owing to
their exceptional latent heat storage capacity. However, the low thermal conductivity of PCMs, although
considered a drawback for rapid heat conduction for thermal storage, remains insufficiently low for insulation
applications, e.g. thermal management of aerospace equipment. In our research, a novel phase change aerogel has
been designed to realize the functional integration of latent heat storage and thermal insulation. Instead of
conventional encapsulation of PCMs in the porous structure of foams and aerogels for this purpose, we use the in
situ nanoconfined PCMs to directly form the aerogel framework. The unique framework maintains its low thermal
conductivity, and the latent heat absorption could enhance the thermal shock resistance. The resulting PCM
aerogel exhibits satisfactory stability at an elevated temperature of 300 °C, as rigorously demonstrated at both
macro and micro scales. The enthalpy value can reach up to 152 J/g, while the thermal conductivity is as low as
0.041 W m-1 K-1. Additionally, it demonstrates sufficient mechanical strength and self-extinguishing properties.
Compared to conventional aerogels and bulk phase change materials, the thermal insulation capacity of our
developed PCM material is far superior, proving a competitive strategy for high-performance thermal insulation.

Based on the fascinating properties of PCMs, we also developed cooling devices with high-efficiency
thermal-shock resistance for buildings and high-power electronics. To this end, we couple the radiative cooling
technology and latent heat storage, thus simultaneously enabling efficient sub-ambient cooling and high-efficiency
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thermal-shock resistance. The electrospinning technique and absorption-pressing methods are used to assemble
the dual-function cooling device, which endows the facile fabrication and scalability. The electrospun radiative
film has high sunlight reflectivity (95.9%) and high mid-infrared emissivity (93.4%), resulting in an excellent
sub-ambient temperature of 5.1 °C. When subjected to thermal shock, the dual-function cooling device
demonstrates a pinning effect of huge temperature drop of 39 °C and stable low-temperature level by isothermal
heat absorption compared with the traditional radiative cooler. The molten PCMs provide the heat-time transfer
effect by converting thermal-shock heat to delayed preservation. The proposed strategy paves a powerful way to
protect objects from thermal accumulation and high-temperature thermal shock, which may promote the
innovative applications of PCMs in advanced electronic and smart buildings. Overall, our research efforts may
give some inspiration on the development and applications of PCMs, promoting their contribution to green and
clean human communities.

RSB BiEIR A
Supercooled erythritol for high-performance seasonal thermal energy storage
Sheng Yang,Liwu Fan*
Zhejiang University

Seasonal storage of solar thermal energy through supercooled phase change materials (PCM) offers a
promising solution for decarbonizing space and water heating in winter. Despite the high energy density and
adaptability, natural PCMs often lack the necessary supercooling for stable, long-term storage. Leveraging
erythritol, a sustainable mid-temperature PCM with high latent heat, we introduce a straightforward method to
stabilize its supercooling by incorporating carrageenan (CG), a bio-derived food thickener. By improving the
solid-liquid interfacial energy with the addition of CG the latent heat of erythritol can be effectively locked at a
very low temperature. We show that the composite PCM can sustain an ultrastable supercooled state below -30°C,
which guarantees no accidental loss of the latent heat in severe cold regions on Earth. We further demonstrate that
the common ultrasonication method can be used as the key to unlocking the latent heat stored in the CG-thickened
erythritol, showing its great potential to serve as a high-performance, eco-friendly PCM for long-term seasonal
solar energy storage.
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Porous liquid metal coating with micro/nanostructure by bubble-induced self-assembly enabling
enhancement of boiling heat transfer
Ben Chu,Benwei Fu*
Shanghai Jiao Tong University

Boiling is a kind of vapor-liquid phase change and utilizes the enormous latent heat of working medium to
effectively transfer mass and energy. Boiling process has been used in extensive energy-related applications, such
as power plant, thermal management, solar steam generation and water purification. Improving boiling heat
transfer capacity to ensure high energy utilization efficiency is desired. Boiling heat transfer capacity is generally
characterized by two parameters including the critical heat flux and heat transfer coefficient. Many recent efforts
have been paid to enhance the critical heat flux and heat transfer coefficient by surface engineering. Conventional
fabrication methods to generate micro/nanostructures on the substrates for enhancing boiling heat transfer include
chemical vapor deposition, electrochemical deposition, photolithography, and laser processing. These methods,
however, require over several complex procedures and expensive equipment. Here, we develop a porous eutectic
gallium-indium liquid metal coating with micro/nanostructures, which is densely stacked with liquid metal
nanoparticles via a facile, low-cost and cost-effective bubble-induced self-assembly method. The liquid metal
nanoparticles are readily prepared by nanoprobe ultrasound sonication. By self-assembly of liquid metal
nanoparticles under the action of the structural disjoining force, vapor recoiling force and capillary force
underneath individual bubble, the porous liquid metal coating can be generated when nanofluid containing liquid
metal nanoparticles is employed as working medium. When this porous coating with micro/nanostructure is used
for boiling heat transfer of ethanol, it shows a critical heat flux of 903.2 kW/m? and a heat transfer coefficient of
67.9 kW/(m?-K). Compared to the pristine copper, the porous liquid metal coating enables the enhancement ratios
of critical heat flux and heat transfer coefficient up to 36% and 168%, respectively. We also conducted the
visualization experiment of the bubble dynamics during boiling and explore the mechanism of enhanced boiling
heat transfer. The enhanced critical heat flux is due to the modified surface characteristics with improved
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wettability and surface roughness, while the enhancement of heat transfer coefficient is ascribed to the increased
bubble nucleation sites on the liquid metal coating. In addition, the liquid metal coating shows good stability and
favorable connection with the copper substrate due to the metallic bond interaction between them. The developed
porous liquid metal coating in this work is expected to be used for highly efficient thermal energy utilization and
thermal management of high power applications. This boiling-induced self-assembly may provide an alternative
method to generate various coatings with micro/nanostructures having high performance and stability.

BRATTII: Bk
Nonlinear and Significant Thermal Conductivity Change in NiTiCuCo Shape Memaory Alloys across the
Martensitic Phase Transition
Ziyan Qian, Qiye Zheng*
The Hong Kong University of Science and Technology

Shape memory alloys (SMAS) have garnered significant interest due to their unique ability to undergo
reversible thermally-induced non-diffusive phase transitions with various applications in health care and energy
technologies. Among SMA materials, the NiTiCuCo alloy system exhibits ultra-high thermal and elastocaloric
cyclic stability, making it a promising candidate for elastocaloric cooling and advanced thermal management
applications. In this work, we investigate the temperature-dependent thermal conductivity of NiTiCuCo alloys
using Frequency-domain Thermoreflectance (FDTR) across the martensitic phase transition of novel temperature
range of 213 K to 297 K. The results demonstrate a nonlinear and significant increase in thermal conductivity
from =6 to ~8 W/m+K as temperature rises within a narrow window of 30 K associated with the thermally
induced martensitic phase transition in the alloys. Moreover, based on the FDTR spatial thermal conductivity
mapping, distinct textural patterns that closely align with the grain orientation was observed in these alloys in the
martensite phase, indicating a strong correlation between the microstructure and thermal transport properties of
alloys. These findings provide valuable insights into the thermal transport mechanisms in these alloys for their
elastocaloric application and underscore their potential as high-performance materials for advanced thermal
regulation applications with enhanced cyclability and responsiveness.
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HICEA ] R RO BELAG T E PR REBR i S AT SRR ST O R 3 . ARG I IR (TIMD [ U SO
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AR S, TG TR, mEE B . B, BT DR T R A R TR R
Wit &M E S AL A EPERE RITI0 TIM 2R 28 ) s, s D3 R R R I D
BT, SIANEFESHATEAE (h-BN), FFRZBARM R R s E h-BN (R, 2##m
RIHBAHHE R, AN T RALAK A (BNNS); 38 R A4 K S AL kg K ik (Tio, NPs) i
BNNS IR & (TIO,@BNNS), £54 TiO, NPs (IR 58 i 51 /7% TiO,@BNNS .7 £/ AF
A U B FE RO A iE (Si0y) R, RFEA RIFAEL MM TBNS (TiO,@BNNS/SIO,) &
HRAIER RAKHS R CIEREGHSA R EEA 70 pm FRAFIAEL (TBNS-PTFE). H7iss
FH], 1 BNNS BINEAL 7.5 wt%Rr, B el @ity 1) S, TBNS-PTFE MM &I #5235
IEFNZ) 167, 1.14 Wim-K, RILHBAER AT & FHTTHER; HAE 10 GHz R/ FH 205 A AR
% 2,66 M1 4.97*107, WAL E. M. SOREESOE TR, WA, ZE A RA IR A RIFI
MUBRIERE . AR RRE M. Mo A e v s tae v — e A ERE . 28 b RTIR, % TAREIS D6E
FTCI GBI A S M A ROT R, Bk e T RS S 8 A SRR A I B A S AR
TERMAGI h-BN 8 BRI AT B R 47 BRI 25 o) [F PR I BOGACR, sl il s DR 5 i 2
FH AR AL (1 T ) £ S A LI

AT B
BET A REFAMETE T EE n & Bi2Ted LU T B EBHREE
BRAEAR !
1. B Pu M oK

T E VA B AR T ) FH A R 28R S TR T s )74, AEELFE N R REANRCES A7 AE N ) 2 0 S AV
B s BT IZ IR T XTGP RNTT & B T RAEAE(ZT) Ah, BOK R ZhE K % (Power factor)
AR KRB E N ERERNEK. HiEAIESBARZA AL EMLLL BiTes &8 8E. A1,
H arBR ) BioTes FESSEA EI R RESE T EZ R IKTE T n & Biy(Te, Se)s FIFELMERER ST p A4(Bi, Sb),Tes.
TEIXI TAEF, FATEEZE S0 Cu, Nd FlE# AR (giant hot deformation) 1% 1. 2 Dy 7E n 7Y
BisTey7Se0s L8l 1 A FALE A D) Z KT [FD 4T, FRAE 10-5%F 4R F A E RS R Fh S 1 A VA AR
#2749 70 K (FAiifi 5224 300 K)o

AR B
Non-reciprocal Diffusionics and Hall-like Heat Transfer
Jingrong Liu*, Jiping Huang"

1. Fudan University
Recent advancements in thermal diffusion systems have paved the way for non-reciprocal and topological
transport, challenging the traditional reciprocal mechanisms inherent in diffusion equations. We begin by
exploring the domain of Diffusionics, emphasizing cutting-edge technologies such as spatiotemporal modulation
and active structures. Then discuss “thermal chirality,” or the directional bias of heat flux, which opens new
avenues for heat control. Our study features an active thermal lattice, comprised of a stationary solid matrix
integrated with rotating solid particles, achieving Hall-like heat transfer without the need for strong magnetic
fields or low temperatures. These innovations shed light on potential pathways for topological and non-Hermitian
heat transfer, heralding a new era of more efficient heat utilization.

BT i AR R R YRR S BB A Beb R
EELE. KL, B>
EREPNE SV, st

BEE R BOR KRR AR, FURHUA . TSSO RE S S Wi R AN IR B T TR
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R R I RAR B TSR AR B8 . B BE R BRI S ) & B nT A I S R I e L. AR
H4 7 A BRI E A YUK - B IR B R, A SRR A K 7 B 3 R T IR 45 M T i
HMRILH AT RGE R, RARPIFRLLN 1.5, thoh, TAVRH T —Fh3E T AB BERRHK AR REZSE,
TR PR R TAERGS . IR RESRM 7] LI B 2 2 R IR A T sebriz sy, B BRI
BE 1, FEFREEIEE Ay 20°C. 5N PR 25 Jy 3500 W/m?. FELIZHRIE > 600 Vimm I, ¥4 i 2 il bARE
% 5.3°C. Y4B SIR Y 2800 W/m? I, A A HAE BE 28 0F 7T L5443 10% I ThAE . 9K kLB i
BEREARIE T 880 MUK B R GOSN ) Fa b S5 b AV B R G b B RN I T

BARE AR BRI
AUk E R
EREPNES!IP/S st

UTEEsR, BEE G SHORMRE AR, B O AR M IFERER T, AW HARr5 iR, BUIE
PUE {E Ny B AL AR B aUBA BOR O AR th A A R GEFE R B R AP . o, SRR Ui
7K T ELRR AR EBOA ST, M AR AR ot B R e O R S S PR R, X2k ve
TR EE 5 S AR AP AR, R AE A g TARRORTIR T, SCBUE MU mah i, 1 amit
WO H WP B R A, EHMEEZ, MR, AR LA P e R v R PR T QAR [ S5 R 22
5t AERARR A E S N B B AR B0 555 . AR R G 48 H Al L A LR AR AR
BeAPS AR A, F TR AR 77454, 73 BN BRI SRIRAC R sl A& LUR AR =2 A
WA, IR B ISR A VR AL AR RERIPROT Fa AR, DB h O BRARIR B sUIAE B R
ES R

RASZHRA: R
Ga203/SiC F i 45 i R Bt B A SE AR AL A% 5% > JK3h B 5T 744 = Tl
7R N P e

iR

MR 1, Mk 2, XPR 3, RET2, B 1*
LIFERZ TR, AR 5507 TRHE HE =, st 100084
2 L HTHE R 2245 D 12 5 I (5 [ X R S S A e, JEaT 100876

3 ERIEINL A S, AR, RERH

Ga,03 TN VUAR: SR KL, B HE 4.9 eV BB 5071 FRAE T~ —ARINZ - ARSI ERE ).
SRIMT . GagOz AR A AE #4052 (20 WimK) X FLAEF BB HY 17 T IR Pk . SR i #5311 SiC A Jes 2 —Fhm]
IR %, BILE Ga,04/SiC AL A AV F AR (23~100MW/ImM2K), 7B THH 7 i 45 & R s A7
S o A SCIE IS R R HEAE 4H-SIC 4 EAMEA K B- Ga,04 i, FIF X S L&A A1 TDTR il
W, RILFH AFIEF] 200 MW/M2K., TEM RAE SR FHHEEF ISR E /AN T Inm. N TR AT A4S 10
MUEE, AL G LA T A RN G 3 1250715, T T B- Ga,04/4H-SiC A #4 5. i@k MACE %
PRECR A& N 21520718, BEAE T AR 2 R AN S B R e . g5 R BoR, Joid P E I S A
SRl 210 MW/M2K, 3nm 3% 2 5 BE 2 89 MWIM2K, B6IE 1 /b AR S ¥ 2 B I s Bk . bk, S
FRA N 102 B PRI S, SR T PR D B B . AR SC T VEAMUE T Ga,04/SiC Fitifi, 187
T REHMME RS WL I B RS kA 1S, SEIL T ok B A AT O, Rk
BT S A B R (L T BB R &
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R R VB 7E VR H B T i AR SE IR A AL
25K E AR

iR

M 9 274 BB St oL 5 i B A 1) T G A v A0 T B i 4 ok [ A T 2 B B AR PG R o YR i ol
W AR I R AR 2%, AR — DAL, T HR A s R, A DR AV sE S
ARIONBIE T H B, AR T8 2 R R LA 512 A Y00 8 a4 AT L) AR Sl S 00 R0 43 el 4 A ) 7 A R
PRI, AR SO TR R i 5l 0 22T e 1 AR v VAR T I A AR T ) SRR T, B AR T A R TR
VRO FE N AR T S AR A A, DU m ALV X R, IR T T AN AR i o 3 0 2
FFIE. T Tk B A XIS S S AR o, W T ARSI TR . Rk, (Rl 4E AR
DR (IR, o T R T i R EAR . BRI IR, ShA Al A . 1T I RISE S HE S E
Koo RIIREERIAACRUER, im0 1 R el A K R RTINS o AHIE TOR LT R RS 2574 20
RGRAE T R I TAEAMIE R A A i S Y

RASTMARR: Sk
A& RS RREGRERS AR S AR R BT I
M-3R 5>
BRYNK A BB

AT T —Fh R SRS, B 4E @A (Liquid Metal Pillar, LMP) & NAEH) - 58 — B ek 480 )¢
(AI-PDMS) B AW A RIS EBEGME (AI-PDMS-LMP) . &5 iR AMY AT AR T AR S 3 R
AT AR, T EL T DU O RS R I S AR S . FRATEEL T H TR sz R E N
FHRFHER, BULERSEEMES NS HEYR: BEWHEEEHE =P B AR
(Polydimethylsiloxane, PDMS); iEHUIL EME &R EE (EGaln) & LMP. 4liAERE 520N
17.53 vol.%M, ARG AR ATAE] 10.9 Wm-1K-1. 4k, LMP (5] A58 7 S HER 1R
BRORE, (kS A A A, TR EAE R . AI-PDMS-LMP A4 R B H s i i, 76 300 YRk
TRAEIR G PR 85% LA B #ERE, FFAE 1000 R N2 5 TR RS iR AR AE 1°C AN . 107151
R R A I AE SR T — R SR T R, s I N BB SR, BIA SRR BER S,
KKIT THESEREOFHACE. Bk, AT LRI R ARG T s I Ras, 7ERRAR R RE 2 8]
W45 71, BARE SRR AE .

ETEEFPHENEKAR T O R ZBERFEA R
XK, T2 L2 TERIE S, Tk R
1. ARRHZERE
2. LigEE TR

3. TR

AHAS R AR SR AL Th 2R B8 E B — AN S A 7T 7 ), (B LTI 915 L i 525 AR A A e A A BH G A7
=X JE e EEXP iz, ASCHR & SR 2 LIRS 9T D28 R O R k. BT
KA SR T RO Z AL MR, WA BRI A SR T DA IR 4 R EE , R OR RE R A A BE
ﬂtm,HH@%%Wﬁ%w@ﬁmL ST R AT 1 RGWF T AT AR #E

SERRW: KA SRR O ZRERRGE AR AT R B K A S5 0 R S KN, A SRR
ﬁ%3mm%,EA%REMﬂ%%$E¢3m\mnm%AﬁWm%'mkaﬁﬂmﬁVﬁ MR E
B 2, R IARAS S, R AR IR (15~25 K-em?/W RS E 4 0.2K-cm2/W); S4B A T
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SE N ARG L, SR I B A 5 FRAIE S T AL T T 5 5 FLB I e AR IR RS, R B AR Ak 24 BEL
AT T RO HERE i S 3 TIRAR T8 AN s A BEL PR A A2 TR S S TR R S B 2 PR B8 7 — AT AT 17 %

TSI GaN I AT
>
S

T PRI T L4 R S B 1) GV (0 B A v L, 0 e D AR R T A A R VE AL
FEPEREARINREM RIS A B2 S IR I FE B AR P I A AT 8, R A B T S NIRZ
B ST RS AR - A A AR, RO E 2R % ASCR RIS TR EIE] GaN & &
HH R PR T AT R LR o R TR AN A T BB NS — RS OE R AT AT T GaN MR &R (RIS A
Yo BN R AR RS, KILE GaN HhgI N Al R A] DASEHL GaN & R TR MEAE, - AIN I
PR AIGaN2 2RI TR, PIRAPE R AR R 1 Weyl 75 72 it — 2D T
GaN/AIN 1 AlGaN/GaN 57l #15 () GaN i dii i 45 44) o FE 30 41 7 11 ARV R ) 4R RAL BRI & a5,
AN AR LAAEAE . A& T I Weyl 755~ 0 AT 7E kz=0 RO, 845 8 it S v S~ 25 H g3 o,
Weyl 7y Ert iz Hhn, M — 245 i L =R P LB A . (GaN)2/(AIN)2 i s Hh i
Weyl 77 25T AL FT Ga JR T IR9R2N, HoAtE SR 25 H R i) Weyl 757U 3 55T N5 R 2h . X
GaN AR P HFHINA T, HAZGESIRIERI RS, T T I AR AR 3 B A5 7 e AR AR 1A O
9T 47 GaN R 2 T A T I ROUAL A5 T BT AT 0 H B R (R 2P B S A (4R 4 TR
T A B b (R SCBE R ORI LA 0T, B AR AT T 0 BR FE AR R I ELA R (e d 4RV LA
SRR IEARELAR D XA A T . W FARER Y], R BOR A RS AR 2 51K GaN
AR R A TR IMEAS . FEAHAR T, SR I Weyl 75 1V R B P A8 Weyl 75 1, XL AT AA
RMEN 1 RREEENR, RA TAE TR AR SRS, HAHA R A T SO e 3e . 4k 2 % Weyl
P A TATHINIX kz=0 i, FARE 7 e AT B DX 5 B A SR m X AR b o X T8 S5/
GaN Al AIN, FEFRZEHHIEREA T, AR B Weyl 75 1 K E 70 B2 A R BRI, P8 T 41
PRI, FFRAMURREE O R, M T W EOREARL, JF)R 8 BAE P LG s
W Weyl A #HAE, JCHAEN F137A0 SW SR BHEZL S, GaN AT AIN /& R 2 7E 5] AR RIS BAE A
FEA 224 Weyl 75 1. BT SRS AN, AIN B GaN B ANFIRIEE 3 2488 1, 75 AIN kR P&
EEREEIViiE A IRR

RSB Sk
HBR R ARH 5] % R RewT T
AT B
KR

FRTETAARE (TIMD 2 — I I TS A J P4 5 R T 2 [ P[5 2 SR 49 5 57 T8 ) 1 A 38 R R R A e o
LR TIM ZRFER S AREL S kAN RF (R M ach, fEAPRH0 R E WA . AR A R 8L
KRR P IE A% A AR 0 5 T AABH o (B AR ST TIM RPRHE S RIS 45 1013 s BE R IO AE T, S R 2 4
FEFAVERE IR, B, @ T A ECRER, B R B A R AR R RN T RS
H &R R AFRIFRER TIM APRHRAS IO E B, PRASUE B oSGl s SR B WIPE BUI 3L SR, SN FIE)
SR, EHERE R, HRERRAARBBREIRIIEEY. R5, RAARLZER2 RE SR
2, DUASCRIFE, R IR Y S B E B OB EI R b, AR R R S BRI
Mkbe GERFH, HEMEISHRREON>10 W m™ K, AR J 2 E S FarPasE#e, 3F5531-20~100°C
TR A S AR R B 2 .
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IRASTHRA: R
W3- R A E R B R HDPE/BN E &30k : 1REN A SRR ) FRE
XA m@E
VU IR

H 1 4 AR 3 EAK SN IRk SE T L S 3 RE, SR K EIE R 5 N A2 S B R SR
(PIRRAR o SN T TEATIERA B )7 20 B (1 0 T 3G 5 S 3R RS, AN AR R R IR B8 A B R &R R T 1E
15 5 B R 205 (HDPE) H 5] N 5 vt B AL (BND [ 5 #4 1t B8 DL S 5 HAGE B IR 2« 22 /R 3 & #10k (DSC)
B R, fERi3% N, HDPE JEK I shish-kebab fhf2i 4, B T-# % shish-BN-shish 1 kebab-BN-kebab
(1) S-SR - A S Gl B . fEUEIRBIIA A T, MR S AR R ) SR A BT T, H
HfE 4 Hz A1 800 W 258 N FEM /198 ik 5] 45.4 MPa, S RBURAE Rk 1.2 WimK. A 588 40 17
Wit 7 B AR B i 1 R RE I HDPE/BN E &4k, FERTHT T s .

RASZHRA: R
E A FRER R A EHEAE FHAMRE N
Tk
N

EBEAMOBE f T80 DB RPHRERIAT S R v 45 AT KRR e i ORI ST REFA DR A5 J7 TH
PrisiE + o EEM S, RSN R H R R R 2 — o Z4ER R SE . RULTRYIAK
MXene %5 B A JURF %% [0 S PO R PR BE . BIVT P e S A T A h e B A, LSO M S BAT T IR A R
MR SR EASERE. 2RI, TR E SR PEREA IS BIGUR TR AR SR, SR Tk
WL (9 5 T 52 e /e WL RUEE R G KRS AL AR oK OB KD Pk e EL R A% 386 21 5 WL R S A p i A7 A
WPk, AR LA R, BATEN 2 RIS A 1, R ERERR R T YRR
G AT WL RUEE PR 235 R R AT FA R (K M A, RS 1 T A B A DL W 2 LR S v A%
AHLEEL, FEBLEERS EIFAR T 2 H0E M RBEIEROR, QBT XU AR5 IE . IR B A RIS . IKEE A
VREGIE . M 2UE R RPRIESE, RUKE AT A ROA T, el 7 ALEES K . SLERECR . FLBR RS
Wi 34 S 28 (1 L B S B TR A S R ) 4, 3 DM ORI IR R SR R AL, R
B  ARKBE A #5 TF) AR S R, T SR A PR RSB DG A e AR 1 B 2 M A5k, A I Ee e LA 1)
SRR E & FERFE SRR AR FE S H AR BH BEZK 28 ARG TAGE IS FH v e L LR 11 5 1)

PERE

RASTART: Bl
Interface regulation of diamond-doped GalnSn composites
Shijie Du**** Hong Guo*?? Hui Yang**?2 Jie Zhang"?® Zhongnan Xie**3 Nan Wu"**
1. GRIMAT Engineering Institute Co., Ltd., China
2. State Key Laboratory of Nonferrous Metals and Processes, GRINM Group Co., Ltd., China
3. General Research Institute for Nonferrous Metals, China
4. Institute for Advanced Materials and Technology, University of Science and Technology, Beijing 10083, China

Diamond-doped GalnSn thermal interface materials have broad application prospects in the field of
electronic thermal management. However, the poor wettability of diamond and liquid metal makes the fabrication
of composites through simple mechanical agitation difficult. In this study, the wettability between GalnSn
and diamond was improved by reducing the surface tension of liquid metal and improving the anisotropy of
the diamond surface. The diamond/liquid metal (Dia/LM) interface structure was regulated by controlling
the gallium oxide content. Ga,0O3 was enriched in the GalnSn and diamond contact surface, which can reduce
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the surface tension of the liquid metal, improve the wettability of GalnSn to diamond, produce a mechanical
locking force with the diamond surface, strengthen the bonding between the liquid metal and the diamond, and
reduce the thermal resistance of the liquid metal/diamond interface. The Dia/LLM interface structure was controlled
by using crushed diamond. Result shows that the wettability of the surface (111) of the diamond was the best.
The(100) and (110) planes with poor wettability were cut by the crushed diamond cleavage step, and the area of
the crystal plane with poor wettability was reduced, thus improving the wettability of the liquid metal. The
improvement of the crushed diamonds’ wettability was verified by molecular dynamics calculation. The
composite preparation technology of diamond and the GalnSn liquid metal was optimized, and the
high-performance Dia/LM thermal interface material was prepared by ultrasonic-assisted and micro-oxidation
methods.

S AL PRI 1 4 7 Y O S T 5
ST, SRETRG. Xl
Jbsk

W TR S BOR AR, AN AN e B A R 75 SR 51 40T 1 vt 5 A R 2R 4 v AR A R I BRI
Wl FAFUHAPEL Z BT R eI, R IR AR B, TR MG AR AR TR
MR, PR TARIR AL . SR H ATRIE e S A S AT R S AR B S U Z o, P22 T T
BEARMBE— PR R . i BB S AERE, A TR AR 22 SO U0E, SR
e R A A, B BRIEBETE . IR AR R, LR BT REREERL. BsIrL
MBS AL AR & o BT 1 A SR AE BRI AR AR KR IR B TR AN AR AT O, (RIS A 2R 152,
WRICT SN ANER R (K A SRAL] o R S8 5 e B O A1 5 IR AIO3 AR, AT 5805
5% B ) R RIS BE I A S BR AR BRI S50, KSR 1 S5 DI RE — AL I s iimis i, a3 i
MFUIAPEHE 5G M5, MTH. RER AR MAE YUK e 1B N ATt

RASZHRA: R
REERSRAF TR SSUENTREENES SRES
SCERR*, B AR, BN VA
RISt fa -7 A RHE bR BB AT 7T B

B R RE TSR N LR R MR R ARk I, S IR R T SR SR AR R,
FECE RGN S, BRI 10 °C, S8 F it FERZ) 50 %, A R
L BN 20 IR JE ) GBI B[R] TR0 i s (R P R, 508 e A B A K R B8O IE L 7=
AR )12 FEUE T KA FIFE B R, 255 5l R AR IR 72 A2 2 S, 38 04 BELT BRI RLR
RGOSR R TR T A RS T2 AR, MBI R0 S AERE, 67 A
B M AP R 3. AT AR SRGERH I S T, R SRR SRR
PIA JE & — N EEBRER . TR, SO 254 m] DU R FaE < Al gigs, b kis, H
SR, LM R S SRR ST R 2 I ER LS, N T RS NS AR AR AR
MWk SRR, BATEM MK L LHER HEEAG (PDMS) W%, SRR HM R, &
TE AT TR A 2RI AT ek A ] P A e o} AR R T T A R it N 4 AN, AT T R B O B
RJE390, 24 PDMS B8] BE 9 149 AN 5 7B, Bk B AR (21.2 kPa) , S M EHA B B A (A E (0.39
MPa). 94% (=R K EMEG AL (6.02W/ (mMK)).

=

AT TR

SR REEME
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HIRRH*

e

O E B BRI IR R AR SAHEBGAT R IZ I DU REAT R JESER, B O SR
JUST AN W el A 2 5 B2 A AN T B v, 8 Py AR 2 L 1000 Wiliem2, o] e PE BE #AViEr BELR BB LY
TIEYIFER, BECE T REEARIT RN T AR AR A B AE 2 A R SO R A U A
Mo O RVE AR SRR AR B SRR R AN BT . AR TR SEWLEL MR It
AR AR . BV BEAPRLE T R S IR NI AL, BR VARG R AGERL, s, ERGKR
R BACH . frsld. eRIASE, SRk, BHNEN N TR BB A REAT il ik, K T HE
ZRRM SRR S —Jr i, ER AR T, G R e 3 AR S G R . AR
FOFIIBBRIL RS Tr %, SR T B A RS R IRIESE T /£ SATTH, BTN 8RR 72730 /%
Bl BBt SR RISEEAE B X A AR T I S s R HEAT 2 A A
T T 9/ N SECRE AT J5 2 18] ) ST AR s 72 AR B TT T, BR T ARG R WRIINAT5 7, dnAa ARt
RATHGE. L. BRSTHIE. BOCNGHEMZE BT ERIEZ A, BTN 53 it T R AW
PERITV%, 40 30 WRRE S ISR N B A B 01 o AR T KA AR A A DA SRR AE IS T AR
IEREAEL [BERAHASAORL, IR SEARCPTREAT S B 25 A R4 D5 T AR T B

RIS TR
r R R AR S 23
2>
o [ R 272 B KA 2 ) BB 7 BT

LT Peltier N HTREAPEL S 81F AT LASEBL ESh AAE B, BRI, masitR, M. Ak,
ToMEE SR AL RS R BRIT . Mt MUK, RESSIAG) N (H2, BT sk
ST E SN 2R, B V)T ER R TR EOR, SEBLE A BATRRE T L RE A UGR FL A
MoRH 7%, JPR T B REMR T Z, H& 7 R A B asrE, J8d 1) FE AR E R,
HES) T A AR E P BERE . AN, BRATETF A 1 3 T B AR il 74 (on-chip cooling) iR, i
SURTUYS B i 3E e i N AR 5 N B = 2 7 2L ROV W B S b

T B 4 R RIS 5
XURTE*, BERA. BAL ERA. Fhnt
RAER

FALER (GaN) [A L 58 450 AN sl g BRE 1, O il il RID R BT RO DL AR . SR 1T
GaN a3 AR R TT T T PR A, A i v T s P2 SR A ) R HE AR GROR RURE T AR B I S 8 e R A7 1
FEIX LSS, T AR BRI 2 EZE A, JUIE GaN ST Z A St A H, Ex i
25 R TH TTIR EK o SRR JR T AR AFAE (0 S AR AR K R B S B & A BRI, S BOR A T IB AT,
MNTTTEEIE Bt 9 TIRNFREIF R X — R, AWF SR 7 REERIAE RIS E R T 1 GaN S il
WAEIS AL H T T GaN d R A KRR SR F i AL 2B el & S AEAE R A & i, IR
PIRR ISR T A R DT S AE GaN/AIN J i 45 5 I AR s HLER 5 i, B Fedsos 1 5 i o 4544
AP T NG SR 2O P T3 JAT NI . R BLAR SR S PR @ i 4, n S A, s i ai ok
BRI OB, FTELRZ 5T T . thsh, OFFER I, iR R R SIS H B
A . X T GaN/MoS2 i fl e S J5 45 Fr 1, T T S s Ao i 5 JRE M FEE 0T 5 T 44 S R RE VLD - TS R
RT3 RELRE P2 AT S22 RO o A IRAR T AR 0 /2 IO A7 AE 7T DL 5 B v SR o BEAh, B TUIR R T /e 4
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JEJEHB TN G B TSR, DASR i S 34 IR0 0 MoS2 Tl A #4538 B AN o X LRI 5T B R AV A
BE 76 GaN FE 7 45 S i AViIs RO BEAR, T EL A el BT A R RO R AR Bt 1R B o I R
FEHIRFE MG S ISR, T DA RO B IS, TR g A F A RE A T SE 1

AR, 11
5 L P05 bR R N Y S A
it

IRE R

IR BLAAE (<100°C) 72 A TR EEAE(E, WORFIAS . S, TALARIE A, JET
HAPESR A I | T AR T v M A6 A P, T LR FE P 5 L Bl R 1
L, SRR MV KBS, I AAESA T R SRR RTS TR S, 6T
R TG R TEBCRMIL T, TRRMARR R . PERE LA VEE ASH 22 LMt SRR 3 5
AT, BT TR AR A B0 N R B A 4 2 10 s S o™/
U RS T UM N 26161 ST 2B (PVA) SKIBEIZZ , 3 PR A BURH B A 5 LB D
RSN . LTI R R LSS RO 056 1) S M AROBE s 5 5  7o SRS, F 7
DS TN, AT T SR IRAER . BEAh, FTAERBING & RS A N2 15 AT 2
RARGRARER, PR th GROBURE R Gy 350%, Hriio 15 MPa, H4ECHIRY 107 kPa), il T
B N RAFIBRBE F. GG AR Pl BN T SRR, b T ARSI, JE T 4
AL R A, iR T RN (7 AT =5 °C B A 0.51 mW m 2. FFAFIR I 44 i S b
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Highly thermally conductive and flexible thermal interface materials with aligned graphene lamella
frameworks
Kun Huang™?,Songfeng Pei'? Hui-Ming Cheng"? Wencai Ren*"?
1. Institute of Metal Research, Chinese Academy of Sciences
2. University of Science and Technology of China

Thermal interface materials (TIMs) are indispensable for heat dissipation in modern electronic devices,
which fill the space between the chips and heat sink to minimize the thermal resistance of heat transfer through
the interfaces. To this end, TIMs are required not only high thermal conductivity but also good flexibility. The
thermal conductivity of TIM is mainly determined by the network constructed by thermally conductive fillers in
polymer matrix. Increasing the content of fillers can directly improve the thermal conductivity of TIM, but it is
usually accompanied by a serious decline in flexibility. Therefore, how to achieve high thermal conductivity with
a low filler fraction to keep good flexibility is essential for TIMs.

In this work, we fabricate a high-crystalline aligned graphene lamella framework (AGLF) with precisely
controlled lamella thickness, pore structure and excellent inter-graphene contact by manipulating the thermal
expansion behavior of scanning centrifugal casted graphene oxide films. The rational design of AGLF well
balances the trade-off between thermal conductivity and flexibility of TIMs. The AGLF-TIM shows a record
thermal conductivity of 196.3 W m™ K™* with a graphene loading only 9.4 vol.%, which is about 4 times higher
than those of reported TIMs at the similar graphene loading. Meanwhile, it remains good flexibility comparable to
commercial TIMs. As a result, the use of AGLF-TIM achieves a temperature decrease of ~8 °C for LED chips
compared to high-performance commercial TIM.
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This work not only offers a new strategy for the controlled fabrication of graphene macrostructures but also
provides new insights into the use of graphene for thermal management.
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Nonlocal Thermal Metasurface
Cheng-long Zhou, Xin-Yu Jia, Hong-liang Yi*
School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China
* Corresponding author, E-mail: yihongliang@hit.edu.cn

Nonlocal metasurfaces, by harnessing the nonlocality, have shown their unparalleled capacities for the
efficiency of wave-front manipulation. Here, we demonstrate that nonlocality also can be served as a powerful
tool to achieve a substantial enhancement in radiative energy transfer, showcased by a dislocated nanowire-array.
In the deep near-field region, this nonlocal metasurface achieves nearly 200% enhancement of radiative heat
transfer through a nonlinear perturbation. The reason for this unique enhancement is that the nonlocal nature of
the structure effectively modifies the thermophoton tunneling wavevector distribution, creating a nonlocal
thermophoton tunneling mode, which in turn effectively enhances the energy spectrum of this thermal metasurface.
Our finding opens up new perspectives for the study of nonlocal metasurfaces and provides an efficient approach
to manipulating thermal flux in a nonlocal manner.
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RASTRARAY: Tk
the metal-based microcapsules of AI@AI,O3; and Al-Si@AI,Os filled epoxy resin composites as high
performance thermal interface materials
Qingzhu Jiang*
Wuhan University of Science and Technology

With the development of modern electronic products towards miniaturization, high power density and high
integration, heat accumulation has become a key issue affecting the performance and reliability of electronic
products. The application of thermal interface materials is a common thermal management strategy. In this study,
metallic microcapsules Al@ Al,O3z and Al-Si@ Al,Oj3 as thermal conductive fillers were investigated by numerical
simulation and experiment. Firstly, a physical model of thermal interface material (TIM) using epoxy resin as the
matrix and spherical particles as the filler was established, and its effective thermal conductivity (ETC) was
numerical calculated. The results showed that TIM exhibit ETCs of Al@ Al,O; and Al-Si@ Al,O3; are 1.43
W-m-1-K-1 and 1.425 W-m-1-K-1 at the filler volume fraction of 43%, the ETCs of TIM with two different fillers
had little difference, which is because the thermal conductive filler did not form a thermal conductivity path, the
ETC of TIM was determined by the matrix. When the filler volume fraction of 58.89%, the fillers are in close
contact with each other to form a thermal conductivity path. The ETCs of TIM for two different fillers (Al@
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Al,O3 and Al-Si@ Al,Os3) are 11.1 W-m-1-K-1 and 10.8 W-m-1-K-1, respectively. Based on this result, TIM
composites were prepared by adding the filler volume fraction of 43% for Al@ Al,O3 and Al-Si@ Al,O3 into
epoxy resin, and their ETCs and breakdown voltage were tested. Their ETCs are 1.35 W-m-1-K-1 and 1.33
W-m-1-K-1, respectively. The errors with the simulation results are 5.6% and 7%, respectively, and the error
range is less than 10%. The simulation results were consistent with the experimental results. Meanwhile, their
breakdown voltage reached 3 kV, higher than the breakdown voltage of epoxy resin (2.5 kV). This study showed
that metal-based microcapsules have great potential in the application of thermal interface materials in advanced
electronic packaging technologies.
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