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JEFIbFESRIRRRL - BE SRR ZZH « KGRI © (PRGN TREEREN IR I Fesi -
A TEENRE R VERWIREREROIT R 2 R - R iR s AL E EBRIEERERE ) - ATDIEH
B HIENREIE 5K

fHEE{LAEE (Phase change materials, PCMs) J2JBEAERE S48 A AT BBV FREE - 1
G (Paraffin) HAEBLEL - RIAREE OBRIRERT) ~ (LB EMESHESE RN - 52
FIRZHIRE - FFE TR G Ry i L R B RE VB AR B 2 — - 2R > Ry 2
(~0.2 WKt fRAE » RANF& BTG L3R - B T4 ME—ahEL - FEATAZET - B AR
AR T IIA R BAF SR ERT A B0 S - DUEITA AN 2 bR R -

VISR - EEIFR ARG R - MIZPRIBCERGIRE « Gl bIa SRR
Rl > HBUERAEARIZR - ATFTIRATE R BUE AR - A SR S0k - BT BlEE %
o JIAD ERVREVE MR - RUA DUE—2 52T S H asAE Ay A o IERERTH DU &
EmhhnDAREEA ¢ (] 10 ~ 20 FI 30wt.-% % 3 fEA EDREAASBEETHR - IMHERARGE
HET - FriPRH A GO PCMs BE ikt > HAE R HB(EML - L0FZE AT
(Thermogravimetric analysis, TGA) FREEERY » Ih= (kR E RN RIFHI0HE - HEEEEE
i B i L S (O R 75 R 0.05% -

FARSEIAE PCMs SR EVEAR DML (hot-disk method ) MIGE - 455880 A
W A BIGE AR 3 wt-%aSBIH A ER - BARAIEEIAE - 0.2792 W m'K* ; B4l
FUEAEED  BECRIEE T 2.8%  LUREfF =2 (Differential scanning calorimetry, DSC )
BNV L7ER - 5REUR + A A SIHE SRR REY A BRI T 5~8% » ¥
HIFERIMNS @ R SHAY - AUAHAERWMEE S > MZEERORRE (multi-walled
carbon nanotubes, MWNT ) EZ5{EH]] (boron nitride, BN ) » fEAH[EIRMA T #ETTERS - AlS L8
HYBEE7EECNEE TIEEE 8% » HHIEEMIMNS - SUEBCRECAHAE -
BREREE ¢ msRfE o AL R BOTR O SEEE
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Enhancing Thermal Conductivity of Paraffin as a Phase

Change Material Through Graphene Dispersion
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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 -
88 % 6 BE B BLIE (] 28 ZABE B 1Y BE B 75 oK & £l i 55
[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
o ORE - BIBIIEEEEER 0 HTTES RIS EF LR
IR BB PN B U S e - IR BRI TR IREE > 0 By
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) -

H LY PCMs (LT =0A B RE-[ERE - [ERE-RARELR
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

¢l

ERVEEREL - AiEl (paraffin) EeEfRSLEY) > B
HREZ ISR A P R > HALMEZE - A — ViR (R
FEREN » R (R BREEEAEEE /N 175
At BAFAHELAPRHRIRE [27, 46] » ZAT > FRFS Ay 2,
PERERYTF - SLEEHGEREFIRERERCE [16, 40] - HEERIE - 3F
R LRI &SRB MM B DU T A PCMs (4%
T8 INIPIEIEFORMRE [23,47] - fsF [32, 36, 44] ~ i
44 (carbon fiber) [10, 13, 16] ~ H£2)% [2, 35, S7]EAHA
BAERNIAI A [9, 12, 39] -

AN EA BRI EMEDEITERE » TN &R - 8L
Mg ad ~ MR ~ HERBLEEWE B4TF [5, 6, 42, 50] - fIJNA
24y Balandin ER% [3]A 2011 4ELL opto-thermal Raman
technique » A S b EIVE SIS A - AER
IRz RS C-C #tdS (& - 2 Raman J¢3HY G-band
fimf% (Raman shift) #YFEEE - E/uIE A SR EEE G
B () A~3000 W mtK?! 5 ZH4E («~3000WmtK?)
09 7 (52 - SR EA — SRR RAVAS IR - RS AL
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] -
RPUE AR R RE R - AT EIIREE E M - ARH5E 73 51
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
P At PCMs &1L B E RIS & -

FEFATAZE P A S ORI E R A SE e &

B 78 CUBR 2 28 1 A 0 2 BE B B A A 28 0 R0 R

(graphene dispersion ) » & fy o S2 0 A EAR R (LR L & 44
THRIEEY) (precursor) » [bb— SR AR I8 0 28 s 25 B
SURAYHPELREE [7, 31, 56, 55] » 7 S IE M S HARAY R
YRR S B - TR R 1 S R RE AR Y B
B o ROUERNIIYIRTEGENE - AT N — S R A
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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 -

- BEOTA
RN ATV Y: I HERE: S S Wbl S A
P fE - o 28 0 B o 4R 9% (GRP-BO01 - {5 DASIMIE A4 & 7%
(epitaxial growth) &% [4, 14, 43] » HASEEEE: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) #ie HEIHEL A TR 2 fn - 4R9% © SW-08 Hi
NW-04 ; 455 B - (1) crystal type: hexagonal ; (2) mean
particle size : 8 um (SWO08) E1 1 um (NWO04 ) ; (3) purity >
99% ; (4) tape density : 0.3 + 0.1 g/cm?® - fFELAEE (paraffin)
JEEGEBEAE > ELARSE  FR140  (AHHFOH RS0
1% RN PR BR ZE B TS » BREIRE 20~55 [ » 70
& 280~800 Da fAEL Tm =56 ~ 58°C » [LEE : 0.76 ~ 0.78

FEME (kinematic viscosity, cst@100°C) : 4.2 ~ 4.9 - @ E7H 60
~ 8096V E#R » &EE R TR - =lEfE (RERZIEFXLIE

HIRERE ) » RS MR A - ISRIRREAL (R - =B R ERE#
AR - ZEESORIRE (MWNT) B I8 - 4
%5 MWCNT-3 o £54%: 50~70 nm > £ 30 um > 4{ifE 98% >
GERBELEE ¢ le/lp = 0.4~0.5 ; SEyEMER] (dioctyl sodium
sulfonsuccinate, AOT ) » Aldrich 5{ZE4% (‘SHI(LT )5 T3
(n-Octane ) » Fluka ( 5xBH{ET.) s BB (toluene) : Acros (&
BT DL R HPLC 4 -
T ST ST ¢ M R S Bk % ¢ Yokogawa
FX1002 ; #7#7%:SDT-Q600, TA instrument ; 3D i1 S
A% - Tokyo Instrument s £558¢ 5 =0 BRI 8% ( FE-SEM )» JEOL

(a) Thermally

r\ {\ conductive fillers

Sonication

hotplate te hotplate
80°C 80 'C 80°C for 0.5hr

Paraffin [ 7 Tolucnc '
@ = ' ’ l
—‘ [ topie ]
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] -
iR PCMs £ L BUGAE - 218 2 (a) o - BHETTE
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
EHCEEGRAIE] - B 65°C K8 - BEIKER 30 r#Ei&
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
B (5) 1& - EHEEMFENEA - (6) iUz ngiiES
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
B e R B IERERE - FRIE 1R ) DU 4 2 0 SR E IR » (i
HpkfgiR B as [16] - EESMNEE 2 A5 - DUnEEa

+ FE-SEM
DRB TR R b ey
R - Raman
l * XRD
EHES BRI o
=Lt mamm — Lfmng, - AR

:?ﬁgﬁ@ AT e o e
. TGA EASE T omEs) T (0

L ARG 2

(b)

= ﬁ =) ~/
-

Test samples

Evaporation of  pyyring into mold

toluene ¢130°C

2. (a) A8 PCMs BREAYBIHEFAR ; (b) Hot disk ZYEEMABRMAIE S (ER 46 mm » EJE 10 mm)

Ul



15

£5RT - UEEE - FHEE - S | DA SRRFRIE T DIRERMEIE R L EEREADR

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]
SRk R B B IA 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
i S R (substrate ) 514 Ru( 0001 )~ Ni(111)~1Ir(111)~
Pt(111)%%, fEmEZE5UE T Rt RHAS ( CaHe, C2Ha, 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 ~
B S EGR - BRI R G e O£ - [E 3
(c) Bl (d) 73Rl2 FEfuig 8 + 2 um HYEALH (SW-08)
BUPIHIR 4 £ 2 pm BYEALHIHAS o Rt i & s 07 &
% (hexagonal ) » HrKZ=RIESSF ST (erystal size) HYA/IN
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 PrEEREEREES L opm x 1 oum - 5 4 (a) Z-FHElE
Bl 4 (b) 2 3D [E{Hy 23R R T - Pk mE
B — (I > 1T B4R IR (line profile ) » H4LHE4ME 4 (a)
P 2 FelE - {095 58 25 P b [ 2 488 (NanoScope analysis
V1401) SHEGEILAMEEEE R 3.7 nm » SURRECHE—fik
% e SR T R4 B 0.34 ~ 0.68 nm [28, 30] » (AL

WA RBIFE LIS 5~ 10 BEE 2 HEE -
BERE AL X Stgest#E (XRD) #iEM B IIYIH

B 3. (a) DL Hammer E&RNBREGRBIFSE/LEY
(r-GrO) : (b) KHZEERA ERLAESEE 5 (¢) &
AEH (Sw08); (d) &EFH (NWo4)

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

GG ~ BRI NN - 45 R R i BT R SR A
BIHHE - 18 5 (a) FybEinfEHEY XRD Geatat - fhilE iy
FEBMREALEAR Cunit cell) $SfEEIRERTASOIK [21] - 1£
20 = 26.5° [ 4T 3R — e m R LR SR TIE - 275 STRkED
# o HE RS (002) SEAREEE - R TFTAERE
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g

Intensity, counts/s
s
[=]
o
1

10 15 20 25 30 35 40 45 50

1200
1000 -
800
(004)

600

400 -

Intensity, counts/s

(101)
(100)

200 ‘

20

i 5. ABTFElEFHIERbIZ XRD G5 -
(a) A2fE : (b) ANTEARTLHHZ Gl B

(102)

HAGERE [19] - 1F 20 = 43.5 WYSENIE - JER[E—f £+
(100) J5 (a1 _EABAT 2 bix 5525 (reflection) Frf&Ek [54] -
B DL &S5 » HEM LB (BRSO 0 28 B SR S R 45 1
M B BUEH % R 4518 (graphene nanoplatelets) [8,
19] -
SR R EART - SRR S LI E ST
% (h-BN) > B XRD [EFFTEL - RIEASEYH NW04
SRanf I HTAESR - IR ERE QualX2 #iis [1] - &
FelEE : PDF-2( release 200477512 entries )EiL POW_COD_2008
(81120 entries) - [& 5 (b) KDL QualX2 i Arfe&is -
7~ NWO4 £ g > E A LHI%S & - 7576 1CDD 00-034-042 -2 %
SRS © 5 CUH] POW_COD_2008 &fsheEfTEE ¥ (R
BRI AlEEF s ICDD 00-900-8997 » £55 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 -
fr2otal AT (Raman spectroscopy ) FIF A&
e (—RREERIR & 488 nm SR ) Bl o i -y 38 M/ 3 o
MRS (elastic/inelastic scattering) AYAE & B H T-45HEAYREE
i P B T AR A R i [ R A Y YRR Bl iy

FRBLRIRE » S E S U AR IR T RS SRR 25 [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
felE - HLE S ARG E SR AR - (R 2D-band #2
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
BB AT A N SR B 25 B » DRI P R @ e AT — (&
REAERI{icHE: - 2D-band A RLFETE AT SRR S 1 F ARAR I
SIHEE 0 FRIBE] 6 - Raman lzp/le = 1.67 ; H: 2D-band

(Raman shift = 2649 cm?) A& AAY%ETE (band width ) » H
2 (peak width) 114 25 ~ 40 et - BFFHIES A 24 [ A
SRIHEEE -

I EEEIRATIMR (FTIR) AR ERE L&Yy
Iy T4ERE - DISEDAG YA - A R AR E L
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. ARyFREAIAISS 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 Bkt
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 JEIF#: % SERAHET » AN - RIS S
SItREIVERME (polarity) » ARG T LULE
B EtE [24, 33] o BEAHIRHTA EGRAE TR
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
IE=EE (n-octane ) » JERHTEORaE i Orate 1 S PH (0 B
BEE TR -
(Z) B LAPREERE ST

ISR EDE MR AT &S G ENER 5 B K a R ey
IR - BRSNS R 8 » B GBI IR 55y
HOR & AOT HYZKAIR T » R 24 /N DAL (CEHIT B2

AELED -
Fo T HRR DL AU IR ICTT1F Ry IDIRIF YRR B A
ISR ERE P - TR O RIGE S YHIES - Frie

RIS NELAE O Firom © FHAMBTFT RIS AOT HY 52
RO RPTSHY PCMs [l anfys S M - o] DUERm LR T 2C
F] DA G SR AR i R T 4R AT 0 BIOIRAE « DU IS
B > BRIFFF RN - SEERIEEIAIN AOT YA B0 -
Fo 7R B ERTE IR0 S04 0 R AR A
B B ARLL B  ETREDT (TCGA) » 455 4E 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
HEELH - B JERS PCMs AL & B LGB Bl - 1L
10 f3H1E DU [FI B2 A0 S8 M B3 R B plry = e i
(HERORGEEARRE ) BRAUETT TGA 53 HfnEk
IRRHRSERE ZBEERE N (RS EIRE)
N 1FUR - HIGERAEN ORGSRt & -

=Y p—

0.5hr hr 24hr
BEED
& 8. ASEBRERZ B

(51D 4R - CT3) A0 AOT FHDE M

aBHEBFR

REDH/A8KF BEELHE/A2K(R®)

B
©

- ASRRIERERIRITREERIR A 2R SYIR
mfNER (51D BIRGHR - (T51) Bin& AOT
EOPEE- SIS R DI S

=]
S
I

Amount of dispersion, wt.%

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

10. HIg/ARIE PCMs Y FE ST : [/ 3wt.%
NESRIRR ) AREER 30 A% BRaERng
(Wt.9%) % (a) 10%, (b) 20%, (c) 30% -
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= 1. REERNE PCMs a2 BENITER

L. BTRER HRGEME  BYER R
(%
Wt% wt% Wit% Wwt%
a 10 03 029 0.002
b 20 0.6 0.55 0.048
c 30 0.9 0.86 0.034
CUEETTAREES  FUUREEE » Ib— B ER T

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
(- AL - B A (Es) AFRARE R 2
b A - BERI R R e mE CBE -

0 -
—_——
23
2
=
247
o
o
8 ] —— Paraffin
£ — — 1% Suspension
+ 2% Suspension
i — - =—23% Suspension
10

30 40 50 60 70 80 90
Temperature, °C

7
6
51

Koy

= 4

2 —— Paraffin

o 31 — = 1% Suspension

® 2% Suspension
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