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fHE AT (Phase change materials, PCMs ) JZ7EEAEERE 24 PR AT SR IIIFEENE - £
G (Paraffin) HAEIB(LEN - (RZERABE (ERIRENT ) ~ (L2 L e ESFHELE R - T2
FIBOZHIRAE - FF SRR H R A R VB AR GBI 2 — - 2810 AiRAY SR

(~0.2 Wm?K™) fRAK - RFIPREHIRG S bIRE - K T s —0EL - TEAMEF - T AR
AP IIAR RSB B EG0EE - DU ITA AR AR I SR -

VPP ITRREDS - BRI ARG K > QISR BN ERIRRE - E LA SRR
Rk FEARRE AL - ATRTIEAE R 0 SR AR - A SIRE S PR - 5 1E e %
Ho AV EBRVREDEMR] - A DUE— DRI A SR AR PR o B o RTINS
EmhhnDAREEA ¢ (] 10 ~ 20 FI 30wt.-% % 3 fEA EDREAASBEETHR - IMHERARGE
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FUEAEED  BECRIEE T 2.8%  LUREfF =2 (Differential scanning calorimetry, DSC )
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HIZEAMS @ 82 EEAY < B UIHANEEEE S > FBEROREE (multi-walled
carbon nanotubes, MWNT ) Eil45{EA ( boron nitride, BN ) » FEFH[EIEE T E1TEEAE o HIliE Lok
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ABSTRACT

Global warming is a serious concern in the 21st century and is primarily caused by excessive
energy consumption. In particular, thermal energy is a key means of ensuring that our energy
consumption is sustainable. Energy storage, particularly thermal energy storage, has emerged as a key
area of research. It has found applications in various fields, including household heating/cooling
systems, solar energy collectors, power storage ( Li-ion battery systems) , and industrial waste heat
recovery. Among the available thermal energy storage techniques, latent thermal energy storage based
on phase change materials (PCMs ) is a practical technique that offers a high storage capacity per unit
mass. Paraffin, a type of PCM, has gained significant attention due to its desirable characteristics,
such as high heat of fusion, low vapor pressure in the melt, chemical inertness, and chemical stability.
However, a major drawback of paraffin is its low thermal conductivity ( approximately 0.2 Wm=K1),
which limits its applications in thermal energy storage systems. To overcome this limitation, the
present study explored the use of commercial graphene incorporated into pure paraffin to enhance its
thermal conductivity.

Preliminary studies have revealed that the direct addition of graphene powder to a paraffin
matrix does not result in an even distribution of graphene within the composite material. Therefore, in
this study, homogeneous paraffin-graphene composites were formed by mixing a graphene suspension
with the paraffin matrix. Moreover, the addition of a trace amount of surfactant to the system
substantially enhanced the dispersion of graphene. By incorporating the surfactant and ensuring
uniform graphene dispersion, graphene/paraffin PCM composites were derived at graphene loadings
of 10, 20, and 30 wt%. These composites demonstrated similar enhancements in thermal conductivity
compared with pure paraffin. To assess the uniformity of the dispersion within the composite samples,
thermos gravimetric analysis ( TGA ) was performed. The results of TGA revealed that the graphene
was extraordinarily uniformly dispersed within the composite samples. The deviation in weight for
the composite samples was only 0.05% compared with the theoretical values.

The thermal conductivity of the composite samples was determined using the hot-disk method.
The results revealed that the paraffin/graphene composite achieved a maximum thermal conductivity
of 0.2792 W mK! at a graphene loading of 3 wt.%, a 2.8% improvement compared with that of
pristine paraffin. The latent heat of fusion for the composite samples was determined using
differential scanning calorimetry, and the latent heat of fusion for the composite samples was

observed to decline by 5%-8% compared with that of pristine paraffin. This decrease is considered
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acceptable for practical applications. Other substitutes, such as multiwalled carbon nanotubes and

boron nitrides, were also evaluated under the same conditions. However, the latent heat of fusion for

these samples substantially declined by over 8% which is undesirable for practical applications.

Key Words: graphene, phase change materials, paraffin, dispersion, thermally conductive fillers
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A [ R H fe  BRIR A L LR A B 5 AUA DR
TR BB B e R it I e it 2 8 [ T 1 P i - 1T
FRA g 2 SEAEC AR AR ~ R D RETRUSAE - RS E A AR
TREIMI R o DAE =T RIS E FR R RE . (energy
storage technique ) {F Fsfif L RE R L TR HREL - B/ {H#rEEh -
& % BR AL B BLIE (T 28 ZABE N B BE 8 7 K F RUlg S
[26] - (ERERMS BT 4y B BE J1fsE1E (electrical energy storage,
EES) BIZMEERETF (thermal energy storage, TES ) Wi A Z4%
Wi < TAFRER - AR B P A — 2 AT LGRS
O R R R IR TR L ERG £ [41, 52] -

BB T AR IR R ER E #EE > 7T & 7 F 200°C L
THRERIEIRBAEEREF %47 (low temperature thermal energy
storage system, LTTES) Ei{E 200°C D) _FHENT S B EGE L
T %4t (high temperature thermal energy storage system,
HTTES) - LTTES FZEMITE&RESEMHRHAE, - FiEEEE
i O~ BIEIIRGSEM  HTTES A& {Ef 4R
IR B RS BN B S Ik, - (IR ORI AR IREL - 3 s
FHENEERE (sensible heat storage) EiJEZifsEgE (latent heat
storage ) Wit - FifE S LAY EEEN ME Ry RREELEIRE [26] - 55
—FHEE Y TES AR - E LRSI R
B E R EEE T 42 AHEE (phase change ) > JEE71ME L
i EfHE AP (phase change materials, PCMs) -

i LAY PCMs AHE (b5 20A [EIRE-[ERE - [ERE- AR ELR
RE-RAR =T - P BB R S RS R AR
T3 e PV EIFAYVE RS (latent heat) —fieizt s fHIE
PIEHEEE (specific heat) » [NILEE(E TES HIRS AR
D5 BEAh o HEFTARERLEY AT OMRDRIRRR - AtLEE TES
HIERTE R B SE/]N - EEILL - PCMs [[7AE T 1T 5E
HIG5%EE - EIEMPRHR AR PR S (B ASIRDY
(b))~ M ASEERMAET - 4537 PCMs By E 8425844 E
DUs A HEARRREE (phase segregation) LUK i (FE(K
B BRI Y £E4S ) 25 [26] -

BAFAVIHE LA B e BVE R - E T

il

T~ B
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JBRMVEERES - A (paraffin) BREEMRE(EEY) > B
HEZ AR O AT AR > HY B2 - AR IR
FEHEEN - R () BURES LR &/ - 75
Al RAF S LA RE [27, 46] - 24110 - YRy AR
PERENAT - SEBRHAEREFIRERE SR [16, 40] - AZERAIL - 3F
ZHFEER RIS NS E MM R LI T A . PCMs HYfS
T8 IRIYeiEROREE [23,47] R [32, 36, 4] - ik
44 (carbon fiber) [10, 13, 16] ~ H£2)% [2, 35, S7]EAHA
BRI 45 [9, 12, 39] -

GG EARERINA SR - IR - Eb
MiffESed ~ iidEs - EEEERE RAF [5, 6, 42, 50] © AR
24y Balandin ER% [3]A 2011 4ELL opto-thermal Raman
technique - FI AL S EREFEHIVE RIS O S - RER
IRz RS C-C #tdS (& - 2 Raman J¢3HY G-band
f®t% (Raman shift) fYJFEE - BH50HE H A SIFHEEE %
B () A~3000 W mtK?! 5 ZH4E («~3000WmtK?)
97 fELLE - ARG B — SRR SERERE  RESORE L
figa b8 &MY (dispersion-strengthened composites ) #Y
e WE—E R LA EEAE (matrix phase) » ZF(TER
f&1E (shape-stabilized PCMs ) Y HAY [2, 16, 34, 44, 49, 51] -
RS (R R » SERT T HIEARTRE M > AbTFE57 5l
HEUFEA FEAE RS SRR IIY) - B DSMNEE RIA

(epitaxial growth) [4, 141&EHTA NG EFK (graphene
dispersion) BiZs k8% (graphene nanoplatelets ) ~ 25 EEZS
ki (multi-walled carbon nanotubes, MWNT ) [20]815%k
Bl (boron nitride, BN) [17, 37] » & f & f B BRI 4
FrEdffny s PCMs 18 STk BV ERTZ & -

FEFATABFE P A & L ORI ER A im0 A

Bt 2 OB 22 0 R 0 BB G B B Y 0 B 0 0 R

(graphene dispersion ) - {F Ky {3 S IR EALEAREE S 14
THRIEEY) (precursor) » [bb— SR AR I8 0 28 s 25 B
SURAYHPELREE [7, 31, 56, 55] » 7 S IE M S HARAY R
BRI B - IR TR AR S R AR B
' o BrUEIRIIPIRELEM: - AR ZE R — R A e
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GYIRTBLGETTE - ARG A SRR & - SRR
FEER RN R BT - RIS IRAT B L B -
AR O EFHEER IR 2 RETTAE PCMs HyinE 2
Folfls > AbtgeiRay R T B R SRR
KHEFREMERIRE - BREVIFTRNE 1 -

=~ 'ERE

ABFEE 2 S B SRR R R R A E]
P fE - o 28 0 B o 4R 9% (GRP-BO01 - {5 DASIMIE A4 & 7%
(epitaxial growth) &Rk [4, 14, 43] » A REEEE:1~6
layers> 4i/& > 80%: 45 #4541 (1) Raman 2D peak width:
30-45 cm; (2 )Raman l2p/le = 0.7 ~ 1.0 E (LA boron nitride,
BN) e HEIH LA TR 2 Bin - 4Ro%
NW-04 ; 455 B - (1) crystal type: hexagonal ; (2) mean

SW-08 £
particle size : 8 um (SWO08) E1 1 um (NWO04 ) ; (3) purity >
99% ; (4) tape density : 0.3 + 0.1 g/cm? - }EELAEE (paraffin)
fEE GBI A ] > AESLARSR ¢ FR140 > (hEH RN
1% RN PR BR ZE B TS » BREIRE 20~55 [ » 70
& 280~800 Da J&5%; Tm = 56 ~ 58°C » [LEE : 0.76 ~ 0.78 &}
FEME (kinematic viscosity, cst@100°C) : 4.2 ~ 4.9 - @ E7H 60
~ B0 HY ELHIK - 45 AL THON > EHEE (REARZIEHZIE
HURERE ) 3 $EEFIEMR R (R - ERLIRRBRE AR - =78 B AEME
AR - ZEESORIRE (MWNT) B I8 - 4
%& MWCNT-3 « %% 50~70 nm » £ 30 pum » i 98% >
SEREBIEME ¢ l6/lp = 0.4~0.5 ; FRESEME (dioctyl sodium
sulfonsuccinate, AOT ) » Aldrich 5{ZE4% (‘SHI(LT )5 T3
(n-Octane ) » Fluka ( 5xBH{ET.) s BB (toluene) : Acros (&
BB » DL EIFE HPLC 4 -
T W JT R ¢ E R A0 Bk % ¢ Yokogawa
FX1002 ; #7#72:SDT-Q600, TA instrument ; 3D i1 S5
A% - Tokyo Instrument s £558¢ 5 =0 BRI 8% ( FE-SEM )» JEOL

(a) Thermally
r\ n conductive fillers .
Sonication
Paraffin / Toluene : 7 4
‘hotplate hotplate hotplate
80°C 80°C 80°C for 0.5hr

Vigorously stirring
@80°C for lhr

JSM-7401F ; X-Ray %254 : Shimadzu XRD-6000 ; Hot Disk
thermal conductivity analyzer ( TPS2500, TechMax Technical
Group, Sweden ) - Hot Disk #h{g {48 ( thermal conductivity
coefficient )= 1l [FE B4 A i G S I 2 A( Transient Plane
Source Method - fi&f# TPS) [49] -
AU PCMs kB HRAE - W8 2 () R - BHE A
AATT 2 (1) EYeHL 30 g AIRE R - 7Y hot plate
EtEIIE (GER 80°C) - Fir ARl (L ¢ (2) BEREIA
100 ml HIZE - RfEOEE 5 (3) AR ILREEYE S 18 MA
ACEEGRAA] - B 65°C KRB - B E K E % 30 R
HUH : (4) B DIEE R AR FraaiftH: 1 /)\ikF (1000 rpm ) -
(5) SERkAIRESS » 1Y 130°C - R BRAVHIZZEEE [36, 48] -
WIHCEST PCMs 18 ATV BB (AR B M » R
5% (5) &> SEHEENRR  (6) RAURREZ OIEES
VIR E R R PP - KIREERTRER IR 25 - ]
PHR ISRIREAY OIS PCMs REEHE 2 1L - (EIRDIER - B
EFURENR - FERIK > T ERE A S EREI AR
W R IIPIEL GRS I - PCMs AR aLEIRERE RS I - ERFRR
GARHRME - BREA RO D ERIE - E8 M B
R AR BIERERE - FRHEN1EE T DU 48 % Y OB - (£
HpkfgiR B as [16] - EESMNEE 2 A5 - DUnEEa

+ FE-SEM
LESEST R TS e : f%
TR LR P 2 B A  Ramen
l * XRD
B ERBTH -
=5 MAEE — g — EEAEAET
: ﬁfg{’m AT e o e
. TGA EASE T omEs) T (0

L ARG 2

Evaporation of
toluene ¢130°C

Pouring into mold Test samples

2. (a) A8 PCMs BEAVBIHFAR ; (b) Hot disk ZYEEMABRMAIE S (ER 46 mm > EJE 10 mm)
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i PCMs £ - FREHUS AR > BUS E L 46 mm -~ =
J& 10 mm [EbE > 41 2(b)FoR - (7))L EFEILA A 105°C
BERETPEFE 24 /N - DABUERAC R TR EREY SRR - ik
RISE AR TR URE B E IR T - DUEETEEKE
A

(—) ARIFHEE

15 FE-SEM IR LLECA [FBUE TG A S0 B SR
EG IR SRE  [B] 3(a) Ry A ZE = L Hummer 7% [22, 45]
G RE A S % S L (reduced graphene oxide, r-GrO)
#Y SEM i f - azkEanst IM Bl bdh (NaBHa) 35 8 /N
R e - AR Ry PTEEME © ME 3 (b) RAMERER
EN ARG o A RGN A > SR8
iR JEFEREH - SMIER AR B S A S S U hC Y & B
Sh e HAK (substrate ) 5141 Ru( 0001 )~ Ni(111)~1r(111)~
Pt(111)%, fESEHERET KR FEAS ( C2Hz, C2Hs, CeHe
%) B - BRI - BARIN S BEM M EIP KR E
By RS EASE - B ATE T R F I SESE ~ 887 FH
REBE  1F Rp R SRR ~ BRIRE - BEST ~
MEERIEGN  EFRIMENERB SO EE - [E 3
(c) Bl (d) 73Rl2 FEfuig 8 + 2 um HYEALH (SW-08)
BUPIHIR 4 £ 2 pm BYEALHIHAS o Rt i & s 07 &
% (hexagonal ) » £ K ZRITESS & R ST (crystal size) HYA/N
AE] o SW-08 HYZES RS By 3 ~ 7 pum 3 NW-04 &5 KT {2
0.3 ~ 0.5 um » NIEEEREFRA - 12— EREAHTH
F& o

Ry T E—BEE RS B ALURT I8 (Atomic
Force Microscopy, AFM ) BUHI #8807 - DURERS FOFH4ERE
Fiik - @ 4 AT ZMERREASEEZ AFM B
R AR 1 oum x 1 um - (& 4 () ZPHiE
Bl 4 (b) 2 3D [E{Hy 23R R T - Pk mE
H—flallE ek - HET B4R (line profile ) FH&ESRAE 4 (a)
P Z Sl o {98 9 =5 P [ 2 B (NanoScope analysis
V1401) SHEGEILAMEEEE R 3.7 nm » SURRECHE—fik
% e SR T R4 B 0.34 ~ 0.68 nm [28, 30] » (AL
WG AR BIHEESL R 5 ~ 10 @RS 2 A8 -

BERE AL X Stgest#E (XRD) #iEM B IIYIH

B 3. (a) DL Hammer &R BREGRBIBE/LEY
(r-GrO) : (b) KHZEERAZ ERLAESEE 5 (¢) &
AEH (Sw08); (d) &EF (NWo4)

(b)

4. KOIEFERNASERRIYZ AFM : (a) SFHEIF R
& FEE RV HEE TR E B E B AR (b)
S VA i 2

LGN BRI NG G RAR E S A S R AT]
FflcHs - 185 (a) FBEG KRN XRD Su s - FEEIT
GELRELAr AN Cunit cell ) GEHMIEIE TSR [21] - 18
20 = 26.5° [{HF HIFH— (EETTHRE TSI - 2% TR
W HIERGE (002) SEEIRLIE - BTG R
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i 5. ABTFEfEFHIERbIRZ XRD G55 -
(a) A2fE : (b) ANTEATLHHZ Gatigfr B

SURIZGERE [19] - £F 20 = 43.5 HyGEHTE - JER[FE —aERET
(100) J5 (a1 _EABAT 2 bix 5525 (reflection) Frf&Ek [54] -
0 DA &SI HEMIER A [EI0 R A o SR B RN T A5
M BB A SR 451 (graphene nanoplatelets ) [8,
19] -
NIV R EACHN - ISRy E LD N 0T &
% (h-BN) > B XRD [EFFTEL - RIEASEYH NW04
SRAnHY o ATEE R o SHEEREA QualX2 Hilg [1] > A&
FelEE : PDF-2( release 200477512 entries )EiL POW_COD_2008
(81120 entries) - [E 5 (b) ALL QualX2 4r#rfArfEas e - 8
7~ NWO4 £ 588 7 E LIS &, 7 & 1CDD 00-034-042 7 ¢
SRS 5 DU POW_COD_2008 & #E{TEEE (IhiR
ABIH) - AR Ry 1ICDD 00-900-8997 » 345 BN HYHY4S
mnfH o B HIECEIE (FoM ~ Peakpos ~ Intensity 2% ) i
[EFF & %I A AR m AR Ay SI R B4 S M R e -
= el o3t (Raman spectroscopy ) FlIF ASS &5
ST (BRI 488 nm LI ) B il A58 R/ 5
Mgt Celastic/inelastic scattering ) HYAE & BLJF 745 REAIRH
i P B T AR A R i [ R A Y YRR Bl iy

FREAURE - SR E & SR AUBR I T-HEY SRV AIES [15,

6 {1V A SN SRl B & = FE R [H YT (phonon )
B AL EERE RS © G-band ~ D-band Ei 2D-band -
G-band - fESEIRAPRHT A2 &, » REFEA R FER
fir A BLA G FHIZ B AER - D-band JZHEAHATE T2
% 1 2D-band - BILZ A B A K Wl & TR BRI B
{EFHFTIE RCAY AR (double resonance ) » 2@ 5 (a) A
fAElE > PLIE SR BRI E 2SR AR - KR 2D-band $E
FREMAS B IR T BUR AR A5 ERME A R R g
A B A R AT A0 « Bt F P AT #5 FaiBi 22 2D-band AV RS
BUE A E 1 SR B 2 5 PRI PR @ B tE —(E
REAERI{icHE: - 2D-band A RLFETE AT SRR S 1 F ARAR I
BIHIEEL - FRIBE] 6 » Raman lzp/le = 1.67 ; H: 2D-band

(Raman shift = 2649 cm?) A& AAY%ETE (band width ) » H
IE2E (peak width ) 7172 25 ~ 40 e » T A % f@ Y
SBJHLERE

I EEEIRATIMR (FTIR) AR ERE L&Yy
Gy FEERE  DIGEDAG RIS - R th &SR AL
Pl & fE LR R B N S 2 & & S AR ESA [19,
53] - RyPRaTARIRIRERM: - DRI RS2 Hy %
T NE—DFRRARMER &E ARG FTIR G - A
BLBE(LEHRER  REOEEENEARTRIE  PEER
FAE=(-epoxy group )~ i Ex( carbonyl group )FI#ZEL( -carboxyl
group) FHEREE - AERAEHEHAFETRA - GEGE
R fERAEEEERE I - B 7 FTIR Y¢sgE $ 3100 ~ 3700 cm!

(wave number, J87) B O-H AYZEiEI% ~ 2890~3010 cm'?

Raman intensity

T T T T T T
1200 1600 2000 2400 2800 3200
i -1
Raman shift, cm

[ 6. ARyFRELAIAIS A (A =633 nm)
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8 |
% 2850 2361
o0
E 2918
2
<
1020
40'00 30'00 20'00 1 0'00
Wavenumber, cm”
B 7. AT FTIR Bultat
B CH2 AYZEiEIE ~ 2320~2400 cm? A& C=0 fyZEiE

1540~1730 cm! f4-C=C {2 ili%  1320~1420  cm! 3 C-OH
BYZEBIE - 1050~1250 cmt 5 C-O §yZEiEIE [11, 19, 25] [t
ARG -OH §# » fEZ SRR P Al bR 2 ATE > BRI
XRD ~ RAMAN I % 7 S5 RAHTT » LA - R
SIRFREAVERME (polarity) » FHBIFN A BIET M P LURE
Bh iy oy Bt [24, 33] - @EARUIZEHY A MR IR
M BN ASGERZ KRS T BOSMEE R - IEF
FFREDE MR - ETREE (surface modification ) » {1 E:
REIT A1y HOR AR - WEREA B TE A MREA ey oy
%ﬂl o

A 2% ho B2 B 7 5T | S M A dioctyl sodium
sulfonsuccinate (AOT) » B T (iR A gAH 1 H#(F - (EEIER
1B (n-octane ) » JERCHAE it e Orat o 8 M PE o B 5
BEE TR -

(Z) B LAPREEE ST
NI EE MR AT S A BN B B AE R Y
IR - BRSNS R 8 » B GBI IR 55y
A& AOT HYZKEIRH - 2 24 /NRFRA | (CBHIA] R
HELE) -

Ry T IR DL AU R T R N IRER IR - B A
BRI AR Y - TR A SR E S YHI B - Frie
R HIINERAIE O Ao o FRAMBIRTRLAR IS AOT HY A%
RT3 PCMs BRHATES S MR » T DAHER LA 7 =
AT DAREECR A S0 A U TR A R A0 BOIR ARG » DU MG
5 - BRIERIEDS  S90E AN AOT By A SEIF IR -

Fo T HEZBOVETE IR IA 25 B IR R B
BB AR, ERE  ETRE DT (TGA) » 455 401E] 10 -

SR RROR AT By 220 ~ 450°C (BLERg A%t ) > G
SRR ZA R FE S (2000°C DL L) o AT RUTIRR R0
EELLE] > B &1S PCMs AlRES & = EL BB B - 1
10 f3H1E DU [FI B2 A0 S8 M B3 R B plry = e i
(HERORGEEARRE ) BRAUETT TGA 53 HfnEk
IRRHRSERE ZBEERE N (RS EIRE)
W 1 FOR - LSRR A ARG R -

0.5hr hr 24hr

FEEE

8. AEBMFR RN -
(E51) B4  CT31) 700 AOT SR s M

aBHEBTR

REDH/A8F BEELHE/A2%(RR)

HiRa |

B
©

- ABRRIERERRITRRERIR A 2R SR
mfNER : (EF1) BIRGER : (T51) Bi& AOT
IO SRR R o

=]
S
I

Amount of dispersion, wt.%

T T T T
100 200 300 400
Temperature, °C

10. Hg/ARIE PCMs Y FE T : [ 3wt.%
NESRIRR ) AREER 30 A% RaRng
(Wt.9%) % (a) 10%, (b) 20%, (c) 30% -
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= 1. G2 PCMs AV RESTER

BirREE MWoRME RBHER T

A%

wt% wit% wt% wt%
a 10 0.3 0.29 0.002
b 20 0.6 0.55 0.048
c 30 0.9 0.86 0.034

CIRHET T - SRR BV B —EE R R
M IRATEERREEIIRE > [N R F AR R 4 Bt
BERTELVE TEFEREASRL - R BARERYRIED - ZEEIETRERhRAY A
R AMHFEROIRELEERT R IIREAVER T - B EIEEREE
A BB TEMIF - PLEG AT lE 11 B23% 2 Y DSC At
INLABERS - 3% BRI R R LG SRR Ry -
11 (a) 1t 40°C IR — B (BI%) - (ARAEZ
(B -E AR AL - S E i (B ) R A A i
b A - BERI R R e mE CBE -

0 -
S i
23
2
=
247
o
o
S 5] —— Paraffin
£ — — 1% Suspension
2% Suspension
i — - =—23% Suspension
10

30 40 50 60 70 80 90
Temperature, °C

—— Paraffin

— = 1% Suspension
2% Suspension

— - —3% Suspension

Heat Flow, W/g

40 50 60 70 80 90
Temperature, °C

B 11 UFEREZASMRBIRMEZLE PCMs By
DSC F- R a) B R th4R( b ) A RIRIFINE 0.9wt. %-

* 2. ARIH/AE PCMs BERPRIY DSC frésR

(BREHE 11)
it b2l
B TmoRE mioEm REAE | RSB
Tuw.°C AHu. Vg Ts, °C AHz, Vg

Paraffin 5839 +0.35 1393+42 56.47+044 1309+53
A 5936+040 1183+36 57074056  1200+4.1

b 59.52+0.62 1169+2.0 5746+037 1192+48

c 59.69+0.14 1173+3.7 57.72+0.93 1184+42

G RVE PEE- RN LI A EAEE - kbt
SR TR PR - W LR R RR AR S
EREE R R SR ARG PCMs JERVET G
PRER Y © TRINZ Bk B FEEASHRE - (BT AR BIAH EEA

A EMEE - [E 11 (a) B2 (b) igAEIEERDETF
BEEL  BURZEESMRIEA RIFrEERENE [29, 38,
51]

7= 2PN (E NGk RO YEY: & VI 1L/ DR

Fo R R R ¢ EAEH (SW08 RIfEA )~ EALHH

(NWO4 HIf§/ N )~ ZEEZSKERE S » BUR G S5 PCMs
TR ARELER BRGSO B BRI 72 M - S5 SR A
12 8122 3 fiw - BUREEVR I A R A R e
HAZoRIRE R i -

RIIZSRIRE (A PCMs AIEEERS = 1.43°C » /A
BB S B A SORBRE R SR /B E VBT
N 25.9 81 16.1 J/g - BETREORIRE R YR —ERORPRE -

FEET RIS BORAET A RIS 5T H AR 7S
Bt BT LUE A B RCSCR ARE N i A A b d
DTEENEIIRZE [10, 23] - BVEEMOR R KRB E A HAE
FHERSE I S R E AR AE - SR B R B RE RS
T] LUK % B A ATRIA » (AR A HI P8 - S
ARG T RE S - B4 & EAE ARG (e
PRUCENGERS - BBV RN S - RIEVH SRR S Bl 2R
(B i A BRI R A B - K B EME B
1= FIRES R B R EE AR Y & B L 2% - 195
TIHCENGE - A R SR AR BRI AT DhAE - b/ NEfRFERG T 2L
(w4 7N

PIREIRIIER 3% aBMHHITR (B a, b, ¢ 2
B R AME SR 10%, 20%, 30%) HI7E > AiA 2%
PCMs f5it » DA Hotdisk S RIS B8 ShAVEME B (0 - 45505
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£5RT - MBEE - FHE - S | DA SRRTRIE T DIRERMEIE R LR

HIANZR 4 o LLBCHEE - PTEZE IR 30 W% IR AN
8 AR RREER 0.2792 W m K » T AT Y B E
HEME S 0.2716 W mK &5 RO PFRI A BIFIE %
HEHEEVE A (~5000 Wm™Kt) #YFHE -
BMEE T R e ISRE) B EIREL - RREhR
ZHETFHRD 2] HasihRERKN - ZEEE
FERIHIOEEVHEM TR TR 5 - bkif BLbiis 2 f] -
SR B AT — (EIRRHIEAE B TR Z RS s
xR A S AR 2 BIHTTR U - SR T HUR
TR = (2 (EHFRE Ty /D BRYENEE T DR - T EEH
N alfE > By Kapitza resistance [57] - Drazl Z A [52] AR
HE RO B R A SR BAPEAE 0 49 % 7~9x10°
mPKW > EEZAIHER Huxtable 52 A\ DIZORERE R IIFA Fssi
B2 Z40H 8.3x10°® m?KW L 2R HAHATHY [13] - Firlifa 5%/
i PCMs FEGHY VBB AR G 1R (B3 B e R
A BLIR A B BB E I - B R AHEIE i & B TP
[40] > /DEIRAN 3% SN IR B2 S e L = M A B
(~5000 W m™K™) FRHA4AE BT ATHETH4Y 3% 2 B -

2

g, — Paraffin

% — — 3% Suspension
o BN (large)

o — - =BN (small)

£ MWNT

-10-4

30 40 50 60 70 80 90
Temperature, °C

Paraffin

— — 1% Suspension
2% Suspension

—- = 3% Suspension

Heat Flow, W/g

L L S B S S B S B R —r
40 50 60 70 80 90
Temperature, °C

[ 12. REEFFBMEZ PCMs By DSC FHE () SR
ihgr (b) - BEWFRHIE 0.9Wt.% -

% 3. REHEBHEZ PCMs Y DSC /3 bR

Favi | sl

s BERE BB BRERE BEEE

Tu. °C AH.,.. Vg T:. °C AH: Tg

Paraffin ~ 5839+0.62 1393+1.1 5647+035 1309+17
3% BRI 59.69+037 117305 57.72+021 11841098
FAEMICR)  58.64+022  1156+07 5627+082 1158+0.44
EERACN) 58744058 117.7+15  5632+0.11 117.9+0.74
ZOKEEE 59824046 1134+20 5764+049 1148+1.08

R 4. A PCMs EEYHIREER (FEASHFNE)

paraffin 0 0.2716 + 0.0027 0
a 0.3 0.2724 £ 0.0022 0.29
b 0.6 0.2735 +0.0029 0.70
c 0.9 0.2792 + 0.0033 2.79

5. AR PCMs HAYHIREER ORIIARERFR)

B TR W% BEPEGE WK A%
paraffin 0 0.2716 £0.0027 0
d 0.9 0.2791 £0.0011 2.76
e 0.9 0.2792 £0.0014 2.80
f 0.9 0.2792 £ 0.0033 2.79

%5 2k d, e, FRITHIREAREIAER (1%, 2%, 3% ) B
TRIIE (90-wt.%, 45-wt.%, 30-Wt.%) B9 EREMERIIA
AT 1S d, e, f = (AR EAHE A SEEAIE, 0.9
wt.% o _balia S/ PCMs ££f - FELL hot-disk JAMIE
HEMEEARD S5 R AR SR A RS BE T g
Z 5ot RAF - Rl AW IR — 2 » Fif$ PCMs YA
HEABFRR R THAT -

I - &R
RyrCE AR HYVERE R - AT R R AR
SRR (thermally conductive fillers) 35941 3B A
RCAEAE T o BIAIEAPUREA [FIA B B A T = inA &
ARSI HEBTIR - ZERESORBE RS » sHE & S E
B IEE Pt nT At PCMs 7 24 E Y228 -
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BT (TGA) FEHAINST IS R AT R R 2%
BRI HUEER o DA EIRE A
R FT B & PCMs> TGA R4S SR S LAY

& (amphiphilic surface ) »

T REF > U — BB EE AR R AT - IR S
{HEEM CHig) ERTEEGET]5 ~ 8% » MH TR -

FERIIEM ST > PCMs B IS HTEE R ZE 8%LL
£ NimEA e RS AN - SVE R T
AR - (B SRR B AR TR THPUAR TR - &
BT B o (S AR - (BB Ty D EHY

RE AT LU - AHTFEEE A/ NI o B - HERSREE
JERES > (HREASHYEHGIRAE - (ERBEN AR RN > 12
A R LA RE A - (o0 FAR A ol (BB RS N 2
f¥Sls PCMs HYZEEE: - (R BEE AT -
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