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Phase change behavior of tetradecanol in nanoporous material
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Abstract Tetradecanol,as one of phase change materials,is confined into silica gel with different pore diameters
by physical impregnation. The phase transition behavior of confined tetradecanol was characterized by differential
scanning calorimetry. The results showed that the confined tetradecanol exhibited good thermal cycling stability. With
the decreasing of pore size of silica gel, the interaction between confined tetradecanol and the pore wall of silica gel
increased and its phase transition temperature shifted towards low temperature. This work showed that the phase
transition temperature of sample can be adjusted and controlled by nano confinement method,and the solid-liquid phase
change material can be made into shape-stabilized phase change materials to reduce the loss of phase change material.

Key words tetradecanol,silica gel, phase-change material,confinement, physical impregnation

AT AT SR B A T 2 RE U A4 K e 5 ) AR R B R R Tl R 0 B 1 I Tl A 8 4 22 AL &5 A L T
ARIE S 5k T [ A AT 58 3 B AR OR %8 . H R4 IE AR T AR S AR A B L O HLZ R S R R A R
P AR 728 A Ak 3 A7 A — 26 [T, G 3-8 AT BILAR 72 4 ) HAT B 1A 78 it POk P R ER GE M. Zhai 55
P AERHZZ BB 3 [ R0 B X - A HLAH AZ K = O H ) G TP g BRIl 3 AN (] LA 19 22 FL 5 3

BRI Tk 5 1] R0, o IR A5 38 R 2SR L T R (100nm,50nm,30nm, 24nm Fl 12nm) H1 il B & &
PR A A R 1) = 0 3 R R 5 W R R IR Tl A B AR e BRI 4 ] 22 FL 3R A AL AR Al R X = O
AR BT R = TR R /K A 2R 0 A s TR A A B @%)E&%ﬁ”‘*é’ﬂ*ﬁ“‘ DX, 8 AT AL A R Y AT AR
B BETEEE R W iy T 6 A0 AR T = S0 i i R i DX T A A B R 8 52 B 0 B A E R R X

HEETH : FHRHARFAILA (51361005, U1501242,51671062 F1 51371060) 5 P H1 AE IR -5 b1 k45 44 5 1 5 B [ 8137 H 0 (2012GXNSFGA06002) 5
P {5 B bR E S0 80 24 (161002-Z AT 161002-K)

EBE BN =W (1993 , L MW 58 A, B0 58 07 1 g AR S B4

B R ONARIF1963-) 2o HUZ L 1 W98 A 500, R THESE 5 1 R A A A AR AR R BT AR R A
NS (1962-) , T3, 4 T F 9 2 5 0, 32 BT 9% 1) Ay S 6 RE AL R L it UM L4



%2 W J 2T A - 20K BRI - D AR A A R AR AT R T Y . 163 -

TE b B2 A BILAR 728 Bk DR A e A A A 1 AR
FFEVRIIE TARF 02 R . R IR AL b1 R
454 L Soutzidou 4¢3 3 7 &2 G 1% 45 T+ B Xt 73 4
e 2 A RO 1) R AR S5 R AT T ST, A R R B L IE
BEAT v AR PR RR R SS . TR EE e i S iR T 2
Doy A s A A7 ROIE B BE AR R 208 B M. Gao
SR I WAN ARSI TO P N/ B S N L i AN -
SiO, ML BRIEAT TIWRADTE . K BIR MU Y
FOANBRAELS R AR P BT (LD = Ry Fe s
B AR AR 46+ N BER LRy 5% sh A0 i 5% 22, fib A7)
AT+ AEEYS SO, fLEER R 32 Ry ¥ 3)
FHEE Ry #e 3l A AR E 5 O HLER S8 19+ /A B i
LR R v HANE BT B AR,

A FE LA DU B O R AR AR L LA [R] LA 1 R
JBE by A o A DU/ R A A AR AT RE . WAL
TR/ A+ PUBEAR AR AT O IR . AR T 40 K R
T X 1 I A S L R A 9 A R B s R R AR E 1
BRI

1 SEIGER4Y

1.1 E#

+ DO A3 A At L BT TR A BR A s ARG
KA T8 5 (L) A7 BR 2 W) 5 ik B 04 AH DG R A% WL
1.

F 1 RRHAE
W4 ALE/am o ALE/(emPeg ) HERBEB/ (m’eg D

SG-100 10 1. 10 450
SG-150 15 1. 10 305
SG-200 20 1. 10 300
SG-300 30 0. 90 100
SG-1000 100 0. 90 25
SG-2000 200 0. 80 15

1.2 +HEERRH &

K W BRI R D PR 3 R A Y 4 ok
LA I AKX mpn =me,on/pVOLH T, 0 R
T U R (g/em®) L,V e B FLEE (em® /)
Q AV ] T DO AR RE I A I AR
90 % . B ARG T E R E A BUE AR E S T
PR 120°C AL B 2h 25 15 SR 5 43 ) R BOAS ()
FLARRYRERE Sm T ¥ il 28 11048 b AR I — 8
HTUESHERES. 5. BEGHEMET
55°C HEAE W B - 4h 22188 A 2 %= IR 7EE IR
T EREE 2h, DL BR AT s RIS B A8 40 0l

# A Ci OHsoromm~ Cri OHsgimam ~ Cri OHag 200m
C1i OHge50mm ~ Cri OHgg100mm A1 Cri OHgg200mm o
1.3 #REIRIE

K A B A (DSC, Seneys evo TG-DSC %Y,
% E SETARAM A ] X FE i #4015 2F 17 R AE , 52
BRI FH b 1 42 00 400 o 4S8 1) T B R K (B R AT A I
K B 27 ARl 3% 4 (FT-IR. NICOLET 6700
A, 8 ThermoFish A #]) il X FH &A1 §{L (XRD,
D8 Advance A, 7 [ BRUKER 72\ &) X+ & 1) 1k
LA S AR S A HE AT RAE , XRD MK A, 6 Cu
¥ Ka(d=1.54A) , J)Z 410mA/40kV; 3R FH 1 Hi iy
55 (SEM.JSM-6360LV #, HA JEOL Ltd 22 &) %f
B it R SHOUL I 35 32647 2R AE
2 #REitie
2.1 SEM £#f

R T P g% DU B 1 B ek 3 Ak e A FLE o, X

- P Pt R SR S B9 R S AT SEM 23 AT, 45
WK1,

<
| . ¥

Bl 1 Dy R ek A R Y SEM
[(a)100nm FEKE 5 (b) BRIKE A+ PUEER 100nm K 5
(c)20nm fE K 5 () BRI+ DU EE Y 20nm E KK

A Pl T 2R R R T e A R AT R R TR
FHILH, HOR R FLIE A8 /N, 33X 36 B 1 D e A Ty
B 3ol 30 A e Y L IE b, SR TR AS AT + DU e
2.2 HTITASH

SR DSC XA & 00 AH A8 47 o 3F 47 R AE, WL E
2 M CHE WA 2, M 2Ca) &3 2 nl A, RS
| DU 1 R 7 e R ARG T O A A R L
Bt 7 e FL A D 200nm Ui /D 2= 10nm , R 38k + PU i 34
A7 W75 55 5 AN 308, 1K [ 291, 4K ; {H A7 28
Fa N 200. 9 /g W/NE] 79.2) /g, AR BN ]



. 164 1 T 8 B W4T

30 Ao A A i 1 A A R A D B Y R AR R BE L O
%ﬁ,ﬁ\,ﬁjﬁ#ﬁéﬂ"]*ﬁﬁiﬁ ’ ﬁ[] CH OHS(HSnm E@*HQ/EI
FE FAHAS &5 43531 A 292. 8K 1 105. 9] /g,

C,,0H (a)

COF .\

Endomﬁ/(mw_ me g_l)
Endo B3 /(mW * m1+ g)

273 283 293 303 313 323 333 263 273 283 203 303 313 323
R/ HRE/K

(©)

0.00 0.02 0.04 0.06 0.08 0.10

1/d(nm™")

&2 s R PR R Y A AR AT R
[(a) FHi DSC M & ; (b) i DSC i
Co) BRI+ DU (d =200~ 10nm) 4 5 F R (ATm) 5
AR/ DR ML E ]

F2 +THERRE+EERN DSCAXER

THiEg [e3i)

R it MAEKE/ ARSI ABAERIE/ AT/

K JegH” K Jeg D

Ci,OH 309. 9~323.0 210. 2 291.4~307.9 210.0

CiiOH-SGaoonm  308. 1~321. 8 200. 9 293.1~307.9 201.3
C14 OH-SG1o0nm 307.6~319. 8 183. 6 292.6~307.5 185.7
C1y OH-SGsonm ~ 302. 7~319. 6 174. 3 290. 9~306. 6 175.7
C1y OH-SGoopm ~ 300. 9~317. 6 120. 3 285.0~302.7 121. 9
C14 OH-SGi50m 292.8~311.7 105. 9 278.3~293.6 103.1

CitOH-SGionm  291. 4~309. 7 79.2 277.8~294. 9 81.7

/) " BT+ B AR A

Xf Al DU, ol SCHERL7-8 1RT J1 H 45 ad 72 o
W 30 32 AT, T BRI 3 4R 3 22 M B Y
Ry e M 72 s ARG B Ry 2= v B AYH6 72 . X
THRIEE] 200nm fif B #Y A+ U EELE 2(b) ], i Tk
JFLBE 5 AR AR EAE HT L i ad R b iy AR
e oy ey BE O P PR s BR B Y Ry BEFEAH 1L Ry AR
FELT 5 DR I A TR A D) LRy (A AR
AL BEE R Ry —>y BOAREE A, TR % B, BE i
JREFLAR IS s Ry =y 8 AH g 748 bR e 55 , Y fL A2 55
TH/NT 15nm J5 . v AHIE K BMUETE L>Ry 194
AR, MR XRD i — 2 ik,

HH &L 2 Co) AT T, BRI O B J o B9 B S
LA B Bl 2 &R e e i)
Gibbs-Thomson 242020 (1) 17,

AT, = 2VT i (Yoo — 71D /rAH,, (D

EEEF’ WV yﬂéﬁﬁl*ﬁﬂ/‘]@ém1$ﬁj\aL/mOI;Tm.bulkj‘j
A 8 K 7 A FLBE- AR M BEAE I fE . T/ m”
Yoo AALBE- SR A B AE HTRE, ]/ m” s AH . K fb AR R
IRIEALKS ]/ molsr AFLIE 12, m,

i bR A BRI DU L RE [E]
FEAERR AR R L DB A 94 32 RS 200 7 52 B
FLAR B B/ IN T B AL 5 L L BE 55 & 4% 1 A 54 A g
AL BE 55 A Y AR B AR AR .

R T 75 5% BRI D A IR E 1 SR T DSC X
HHEAT I AR ADAE P S 0, 25 R WL IR 3.l IR AT
S B S BAN [] L AR A o )+ DU B A 5 10 AR
W2 55 1 WA IR M R FE A W) &, 3R B R AR
T B R0 AH A8 v PR R AR A A8 AL . 1 R e 3 S ] AL
A T G v 8 O P 2 LA G ) A PR R E

CIAOHS(‘rII)mm
C g&

IAOHS(‘rSI)nm
C IAOHS(rmnm
C, IAOHSG- 15am

C, I40HSG 10am

1o <Endo ﬂgﬁ/(mw. mlegl)

53263 273 283 293 303 313 323 333
REE/K

P03 PRI Y - T A F 8 BR g 2 1
(SE28 4 1 KRR 5 IR 2 45 10 KA 30)

2.3 HIESW

S T R A e AL TE X O EAH AR AT A 5 A AL
B, B 8k B B A RN [ L AR R B i D AT
FT-IR & XRD 4r#r. &5 5 UL 4 FiE 5,

BELRI%

3000 2500 2000 1500 1000
e /em!

B4 P KBRSk F pY R Y FT-IR 3% &

fSCwk [11] 7T %0, 1469cm ', 2890cm ' Al
2925em A BIRE R T C—H B82S il IR 3h A 45
PR, 1098cm ™' Xf L ik K L BE Y Si—O—Si $#,
793cm ' Xf N Si—OH B M 4i Rl d K 4 7T
R IR Sl A 0 e ) 3 R e ax e 0 S AR A B T



J 2T A - 20K BRI - D AR A A R AR AT R T Y

+ 165 -

BRJE /(a.u.)

B 5 D RR T S ) XRD i E

I 5 AT AL, 5l D L A, BR BT R A
20° LA 4R AE 491 2, 3 ] L )2 () B0 28 HE 91 19 45 14 9
WA, (H T 200nm LA X+ PO EE A 1 S &
RK Ry F oy MMRERAEFE ) . Bk LA A D8/
AR (2000 Bl /DN 5 X5 A i FL AR 15nm B, 1% 04V
s A FRENE (110) fE7E . AR SCERL6 J AT AL Ry
FAL A — AR AR I8 (110) 03X 356 B 78 &5 F 8 /N F
15nm BYFLIE N, T IUEBERA /Y v AN K, HEA
L—>Ry BAHEE S i 45 R ik — LIRS T DSC &y
OYATEE SR, S AN RRAE I (110) Bifi i JE FL A B9 0 /N 72
AR B, 3R WY R I FLBE 5+ DU i 2 TR AE AR A AR
I HL 3 A 2 fn 5

3 i

SR FH 4 IR 08 1 1 e PR 3 ) Ak S 1) 48 K AL
TE 6 BRSO AR AR AT R AT TR . 45 R
P ¢ I ke S FL A A /0 R 3 W s %) R 2 3 O
15 HR AR I B Ak L A A TR R AR D ) B Bl . B PR s
| DU A AH AR R 2l DU BE Y 309. 9K BEAIR &
291. 4K, Hgh it BB m T L>Ry B2 , ik
LRy 1 AH 5% 28 5 HBE L AR B0/, FLEE 5 43 7 1)
MR F 38, IR AT 1Yy AHTE 2R . XRD 43 #r
S5 SRHE— LR B T DU 5 R R AL A ) P BE (] AE AE
EAREAE . X B0ORE B AR A 1 O e R AR A b AR
BA AE IS FLIE PN DA B0 T 1Y R A28 bR 1 AR
FETE . ARSI A5 R, AT SR F 4N oK BR R Ty vk
F5 FH A8 A Ak 1 FE A8 L 5 (RIS, AR T g -9 AH AR
AR B SRS M B TE — S BRI A e T YR A
oA Ak 1 it 528 i) i

£ % Uk

[1] Naplocha K, Dmitruk A, Kaczmar J, et al. Effects of cellular

metals on the performances and durability of composite heat

(2]

[4]

[5]

L6]

[10]

[11]

[12]

[13]

storage systems[ ] . International Journal of Heat & Mass
Transfer,2017,114:1214-1219.
BTG A Ml s 2, 45 S0 R R ik R AR B ] o BB A
et sk LI ). AL T, 2017.37(6) : 15-19.
/NS Sk sE, B W, A5 A0 A it AR AR BT 5T #E R )] 4
THT AR, 2014,42(12) : 27-29.
R TR R4 L S ST IR TR/ I A B A A AR A
BHE o L BE T AR RE L ] S A R R 2012,
33(3):526-530.
Zhai M, Zhang S, Sui J,et al.Solid-solid phase transition of tris
(hydroxymethyl) aminomethane in nanopores of silica gel and
porous glass for thermal energy storage[ J].Journal of Ther-
mal Analysis & Calorimetry,2017,129(2) :957-964.
Soutzidou M, Vassilikialexandra Glezakou A, Viras K., et al.
Low-frequency Raman spectroscopy of n-alcohols LAM vi-
bration and crystal structure[ J].Journal of Physical Chemis-
try B,2002,106(17) :4405-4411.
Gao X, Xie B, Su Y, et al. Nanoparticle enlarged interfacial
effect on phase transition of l-octadecanol/silica composites
[J].Journal of Physical Chemistry B, 2015, 119 (5): 2074-
2080.
Ventol L,Calvet T,Cuevasdiarte M A, et al.Solid state equi-
librium in the n-alkanols family:the stability of binary mixed
samples[ ] ]. Physical Chemistry Chemical Physics, 2003, 5
(5):947-952.
Ventol L, Calvet T, CuevasDiarte M A, et al. Solid-solid and
solid-liquid equilibria in the n-alkanols family:Cis Hs7 OH-Cs
Hi1 OH system [ ] ]. Physical Chemistry Chemical Physics,
2004,6(13):3726-3731.
Sun J,Simon S L.The melting behavior of aluminum nanopar-
ticles[J]. Thermochimica Acta,2007,463(1-2) ;32-40.
Luo R, Wang S, Wang T, et al. Fabrication of paraffin @
SiO; , shape-stabilized composite phase change material via
chemical precipitation method for building energy conserva-
tion[ J].Energy & Buildings,2015,108:373-380.
Huber P, Wallacher D, Albers J, et al. Quenching of lamellar
ordering in an n-alkane embedded in nanopores[ ] ].Europhys-
ics Letters,2004,65(3) :51-357.
Berwanger R, Henschel A, Knorr K, et al. Phase transitions
and molecular dynamics of n-hexadecanol confined in silicon
nanochannels[ ] ].Physical Review B Condensed Matter, 2009,
79(12):125-133.
W7 B #1:2017-09-28
EFR B :2017-11-28





