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Research Progress on Preparation and Application of Gypsum Phase Change Wallboard in
Building Wall

LIU Fengli'?, ZHU Jaoqun', MA Baoguo', ZHOU Weibing', LI Yuanyuan'
(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China;
2. Institute of Material and Structure, Henan University, Kaifeng 475004, Henan, China)

Abstract: Phase change energy storage has become the most promising aspect in the application of solar energy, and the application
of phase change materials (PCMs) in building envelope for building energy-saving has attracted much attention. The performance of
PCMs suitable for construction energy conservation field was discussed. The development on the choice, modification, compounding
and encapsulation of PCMs was reviewed. Three methods of compounding PCMs and gypsum matrix were introduced. The major
applications of gypsum phase change wallboard in building envelope were summarized. In addition, the existing problems and the
further development orientation were also proposed.
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Table1 Thermal properties of organic PCMs suitable for PCW

PCMs Melting temperature/C Heat of fusion/(kJ-kg™") Thermal conductivity/(W-m K™ Density/(kg'm™) References
n-Heptadecane 19 240 0.21 [15]
n-Octadecane 28 179 0.2 750(liquid),870(solid) [16]
Paraffin(RT-18) 15-19 134 0.2 756 [17]
Paraffin(RT-20) 22 172 0.2 [18]
Paraffin(RT-27) 28 179 0.2 800 [19]
Capric acid 30.2 142.7 0.2(liquid),0.12(solid) 815(liquid),752(solid) [20]
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Table 2 Thermal conductivity enhancement of PCMsE®!

Thermal Composite
. Mass . .
Material . conductivity/ density/
ratio/% N 5
(Wm K7) (kgrm 7)
Paraffin/synthetic graphite 95:5 0.316 0.967
Paraffin/synthetic graphite 90:10 0.409 1.034
Paraffin/synthetic graphite 85:15 0.569 1.101
Paraffin/synthetic graphite 80:20 0.906 1.168
Paraffin/industrial graphite 95:5 0.289 0.952
Paraffin/industrial graphite 90:10 0.342 1.003
Paraffin/industrial graphite 85:15 0.383 1.055
Paraffin/industrial graphite 80:20 0.428 1.107
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Table 3 Performance of binary PCMs

Binary PCMs Mass ratio Melting temperature/‘C Heat of fusion/(kJ-kg™") Thermal conductivity/(W-m K™ References
C16/C18 34:66 19.5-22.5 [41]
CA/MA (78+2):(20+2) 20.5+1.5 153£15 0.20+0.02 (solid), 0.23+0.03 (liquid) [42]
CA/LA 20:80 214 177 [43]
CA/PA 30:70 21.6 202 [43]
CA/SA 30:70 23.8 213 [43]
CA/LA 61.5:38.5 16.4 117.1 [44-45]

CA/PA 26.2 177.0 0.2 [46]
CA/1-dodecanol 26.5 126.9 0.2 (liquid), 0.12(solid) [47]
CA/1-dodecanol 27.0 126.9 [48]

Note: CA, LA, MA, PA and SA are the abbreviation of capric acid, lauric acid, myristic acid, palmitic acid and stearic acid respectively.
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Table 4 Performance of microencapsulated PCMs

Encapsulation ~ Melting Heat of

Average

Material catio/% point/'C fusion/(kIke") diameter/um Microencapsulation method References
n-Heptadecane/PMMA 38.0 18.2 81.5 0.26 Emulsion polymerization [62]
n-Octadecane /PMMA 75.3 232 156.4 Suspension-like polymerization [63]

Paraffin/PMMA 26.2 84.0 0.20 Sol-gel [64]
n-Dodecanol /PMMA 82.2 18.2 98.8 0.15 Miniemulsion polymerization [65]
Note: PMMA represents polymethyl methacrylate.
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Table 5 Performance of shape-stabilized PCMs (inorganic supporting materials)

Supporting

Melting

Heat of fusion/ Thermal conductivity

PCMs material Mass ratio point/'C (kJ'kg’l) JWm K References
CA-LA Expanded vermiculite 40:60 19.10 61.00 [77]
CA-PA Expanded vermiculite 40:60 23.50 72.00 [78]
CA-PA Expanded vermiculite 23.50 72.10 [79]
CA-SA Expanded vermiculite 25.60 71.50 [79]

Octadecane Expanded vermiculite 26.10 142.00 [80]
Paraffin Expanded vermiculite 27.00+0.10 77.60+4.30 [81]
ETP Diatomite 57:43 19.60 111.00 [82]
CA-LA Diatomite 16.70 66.80 [44-45]
ETP Expanded perlite 62:38 19.80 119.00 [82]
n-Octadecane Molecular sieve 33:66 28.33 101.14 [83]
Dodecanol Kaolin 24:76 19.14 48.08 [84]
Dodecanol Cement 9:91 21.06 18.39 [85]
Dodecanol GGBS 11:89 21.16 22.51 [86]
XPP Gypsum 22:78 20.25 43.44 0.21 [87]
XPP Cement 17:83 20.51 27.55 0.22 [87]
XPP Perlite 67:33 20.62 106.60 0.11 [87]
XPP Diatomite 48:52 20.61 77.43 0.10 [87]
XPP Vermiculite 42:58 20.45 59.56 0.11 [87]

Note: 1: ETP represents eutectic mixture of tetradecanol and palmitic acid; 2: GGBS represents ground granulated blast furnace slag; 3: XPP represents xylitol

penta palmitate.
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Table 6 Performance of shape-stabilized PCMs (organic supporting materials)®-°4

Material Mass ratio Total heat(sensible aﬁd latent heat)/ Specific hiatn ca}]]oacity/ Thermal corﬁl]ducﬁtlivity/ Densiti/

(kJ'kg™) Jdg-CH W-m™K™) (gem™)
LLDPE/Paraffin wax/ EG 55:40:5 98.0 2.7 0.502 0.933
LLDPE/Paraffin wax/ EG 50:40:10 94.0 2.8 0.988 0.961
LLDPE/Paraffin wax/ EG 45:40:15 91.0 2.7 1.329 0.989
LLDPE/Paraffin wax/ EG 45:50:5 113.0 2.8 0.483 0.926
LLDPE/Paraffin wax/ EG 40:50:10 119.0 3.1 0.974 0.965
LLDPE/Paraffin wax/ EG 35:50:15 103.0 2.7 1.278 0.987
LDPE/Paraffin wax 90:10 104.0 2.8 0.211 0.834
LDPE/Paraffin wax 80:20 105.9 1.5 0.204 0.883
LDPE/Paraffin wax 70:30 118.5 2.9 0.198 0.874
LDPE/Paraffin wax 60:40 127.0 3.7 0.189 0.849
LDPE/Paraffin wax 50:50 152.7 3.6 0.180 0.667
LDPE/Paraffin wax 40:60 159.0 4.1 0.176 0.626

Note: 1: LLDEP represents linear low density of polyethylene; 2: EG represents expanded graphite; 3: LDEP represents low density of polyethylene.
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Table 7 Performance of macro-encapsulation PCMs™

PCMs Capsulation container Thermal conductivity of solid PCM/(W-m K ™") Stored energy/kJ
Commercial organic aluminum panels 0.16 24 395
Commercial inorganic aluminum pouches 0.70 31584
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