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Abstract: Building energy consumption is increasing with the growth demand for thermal comfort. At present, it has be-
come the largest energy consuming industry in the world, and the research of thermal energy storage system is of great signifi-
cance to promote more effective and environmentally friendly energy utilization. Paraffin-based phase change energy storage
materials have become a research hotspot in building energy conservation because of its excellent thermophysical properties,
such as high heat storage density, wide melting point range, good economic applicability and so on. However, the applica-
tion of paraffin-based phase change materials in building materials is still limited due to the problems of easy leakage when
solid-liquid phase change occurs and poor thermal conductivity. In recent years, researchers have been committed to the de-
velopment of composite phase change materials with stable performance, high latent heat and excellent thermal conductivity,
making them more promising in the field of construction. At present, the thermal conductivity of composite phase change ma-
terials can be greatly improved without leakage by compounding paraffin with different high thermal conductivity materials.
The basic thermophysical properties of paraffin-based phase change materials are summarized, and the phase change temper-

atures of paraffin with different carbon atoms are introduced

MRS E . 2021-02-11 EEE. 2021-05-26 according to the chemical structure of paraffin. In addition,

BEEHH: PR TEASRERHRI E (19J5044)
B R R (4202011/1673352) encapsulation and porous material adsorption are mainly dis-
E—EE: L W, L, 1985k, R, UL, cussed for the leakage of paraffin. For the problem of poor

the phase change process of paraffin is described in detail,

and the three ways of macro encapsulation, microcapsule

Email; shichen@ xauat. edu. cn thermal conductivity of paraffin, three ways of heat transfer
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conductivity materials, using different kinds of inorganic compounds wrapped and immersed in porous high thermal conduc-

tivity materials. This lays a foundation for the better application of paraffin-based phase change materials in building materi-

als. In addition, the development prospect of paraffin-based phase change materials in architecture is prospected, and the

research direction of paraffin-based phase change materials in architecture is pointed out, so as to provide reference for the

preparation of new composite phase change materials suitable for large-scale application in architecture.
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Fig. 1 Schematic diagram of paraffin phase transition process
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Table 1 Thermophysical properties of paraffin with different num-

ber of carbon atoms! '+~

Phase transition Phase transition

Chemical formula

temperature/ °C enthalpy/(J -g™")
CeHs, 18.0 210.0~238.0
CroHlss 20. :39; 31. 7 171.2(4)1?.1(;2. 0
CHay ~C gHye 20.0~22.0 152.0
Ci7Hzs 21.7 213.0
CgHyg 28.0 244.0
Crstss 28 %)8.38 1 245 2(?0.2(4);245.0
.0~28. .0, 247.7~250.0
CioHy 32.0~33.0 222.0
CyoHy 36.0~37.0 247.0
Gy Hy 39.0~41.0 201.0
CpyHye 44.0 251.0
CyyHyg 47.5 234.3
G,y Hyg 50.6 249.0
CpeHs, 56.3 255.2
CyrHsg 58.8 234.7

[13]
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Fig. 2 Common macro phase change energy storage materials encapsulation forms for building envelope: (a, b) panel[zg‘ 0 (e, d)

brick ! 3 , (e) flat"?! , () bag[‘%] , (g, h) sphere[34] , (1) tube[ ¥
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Fig. 3 Schematic diagram of microcapsules encapsulation morphology

of paraffin-based phase change energy storage material [’
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Table 2 Technology and leakage of microencapsulated paraf-

fin[37. 40-43]

Microcapsule Packaging technology Leakage rate/%

Low-density polyethylene

S drying 38.00~63.00
Ethylene vinyl acetate pray diymg
Silicon dioxide
rheon dioxide Sol-gel 13. 00~70. 00
Polycarbamate
Urea formaldehyde Interfacial
1"6'2? ormaldehyde nte E.l(‘la. 12. 00~ 85. 00
Melamino-formaldehyde polymerization

Emulsion polymerization

Polymethyl methacrylat; 38.58
oymetyl methacrylate with different crosslinkers
Titanium dioxide Sol-gel 14.50
The emulsifier sodium Emulsion 35.71
dodecyl sulfate polymerization '
0 ic ethyl/ Self assembl
rganic ethy elf assembly 14. 60

methyl cellulose of cellulose
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Table 3 Leakage of paraffin-based phase change materials ad-

sorbed by some porous materials’®': 3~

Phase change Cellular Encapsulation  Leakage
material material way rate/ %
Paraffin Ex;ﬂ)anded Multilayer adsorpllion 0.300

graphite (8% ) and mould pressing
. Direct
Heptadecane Peel nano graphite flakes . No leakage
adsorption
Expanded graphite(5% ) 13.45
Expanded graphite (8% ) Direct 3.68
Paraffin

Expanded graphite(10%)  adsorption 3.07

Kieselguhr 15~88
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Table 4 Thermal conductivity effect for paraffin by different high

thermal conductivity materials'®>~"

Phase change High thermal Thermal conductivity

D Qs
material conductivity material osage enhancement effect
Paraffin Carbon nanofiber 2. 0(vol%) 6 times
Multiwalled carbon 40. 0% (liquid )
Paraff 2. 0( wt%
aratim nanotube (wi%) 35. 0% (solid)
Aluminum oxide and 6.0% (Al,05)
Paraffin copper oxide 10. 0(wt%)
nanoparticles 13.0% (Cu0)
Al:17. 0% (liquid)
Alumi and 10. 0% (solid)
Paraffin i dn, 1.0(wt%)
copper nanoparticles Cu:11. 32% (liquid)
7. 74% (solid)
n-Decosanediane Graphene 10. 0( wt% ) 2.0 times
Graph
Paraffin ,rdp ene 5.0(wt%) 2.7 times
microsheets
17. 0% (liquid )
Octodecane Aluminum 1.0(wt%)
10. 0% ( solid)
11. 32% (liquid)
Paraffin Copper 1.0(wt%)
7.74% (solid)
5.0~10.0
n-Octadecane  Aluminiumoxide 2.0~6.0%
(wt%)
- Nanometer
Paraffin . X 10. 0(wt% ) 43. 0%
aluminium oxide
Paraffin Copperoxide 10. 0(wt%) 13. 0%
Octodecane Copperoxide 10. 0(wt%) 9.3%
Paraffin Ferricoxide ~ 10.0~20.0(wt%) 48.0%~60.0%
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B AR BRSO g 5 BRI
4.3 BARAMEZILS MR

WA R Z LSBT, B Z LI R
ZIL &R RES ) R B R A AR RE
AR, LSRR, ERFE AR, fL
BRI 47. 0% B H3 be 45 HEZRXT 4l A 0 19 T P R B3R
TR, IR 7815 1%, Mesalhy 25" 05 7 2 5 2 By R
o, KB TF a0, %2 AR S IR B
T 46.7 1%, Li UK+t B 20 ok 75 2 2
A 3 FAFEIFLBR A (86%, 90% , 96% ) K25 FLUL R4
JUEIRFLBRR IR BAT 3/ g 3, (B s A E )
SRR, X FWIAE L2 L TR A R A AR R 2 T R T
LR R TAETE . Cheng 2 BFSE T 11 £ % 0 F)
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Table 5 Enhancement of thermal conductivity of paraffin by differ-

®6 FRASIAHMMNAHESARENEEGERI P
Table 6 Enhancement of thermal conductivity of paraffin by differ-

ent inorganic compounds!™: 77-#!] ent porous materials % ¥-%%
Thermal i , ivi
‘ Paraffin wax Inorganic em{a. High thermal Dosage Thermal conductivity
Inmrganl((:1 phase change  compound and colrll‘duclwltyt Phase change material conduc[.ivity St enhancement
compoum materials  paraffin mass ratio o d?fcerlnen material effect
effec
Paraffin Carbon foam matrix — 46.7 times
Silicon dioxide  n-Octadecane 50.0/50.0 4.0 times
n-Octadecane  Polystyrene granule — —
67.7/32.3 10. 9 times
Paraffin/
Calcium carbonate n-Octadecane 57.5/42.5 8.7 times high-density Expanded graphite 4.6 4. 39 times
47.4/52.6 8.3 times polyethylene
qe - B Bentonite/expanded .
Silicon dioxide 34.5/65.5 2.0 times Heptadecane 5 2.0 times
graphite
Octadecane 36.4/36. 6~
PDA-Ag-SiO, o : 4.0~9.0 times
87.0/13.0 Paraffin Graphene oxide flakes ~ 52.7 3.0 times
Si0, n-Octadecane 30.0/70.0 2.5 times
. 4 17.0~291. 0 times
orous quartz . .
ceramics Paraffin 25.0775.0 1.6 times Paraffin Expanded graphite 10 43. 8 times
20 12. 5 times
(1 258} ( graphite powder, GP) Fl EG) XA /5 % FE . . .
n-Docosanediane  Expanded graphite 10 3.7 times

LI FREERER R, 2 GP A EG B &N 16. 0% Al
4. 6%, AR AR S IR EON 0.31 43 13 fin 2]
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7 Liu 25" 3@ 1 % A 8 5 EG (EG AL 5 6 Tkt He ol
2:8) OB A B A BT R, A Il 20 ) b PR A A 5 R
EG BFLBH, EG FRHEEA HIBURBIS . 254 D BT
LZEIRATH, 5 GP AL, EG B HUR S ML i 044 $GE 1
WA AT E AR SPVEREI I R AR Z LS R X
A SRR B IR IR 6 FTRS Y

5 & i&

RSO A AR AL B BE A L B A A B RE AT
T, WA R AT I 00 SRS H ik A RE ) B L 4
T, FRERAR T AR A U AR B B B Ak A I R Y
Tiks

RAESEIRIFT C 4 ) B0 E 1 1 5 AR 5 6k R B4R
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PrPIELL T LA
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