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ľńĺĕƟŀ ĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔįĽĴĺńĽħŋīĶĶĴĝŅĨŇħƟĺĵĺńĽħŋ
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ĭĪėńħĵƞŀĳŅļŅœĪĵ 

60054901 : ĽĩŅĮƤĨĵĔĶĶĴȮŐĭĭȮ2.1 ĮĶŇĠĠŅĮĶńĝĠŅħŋļġňĭńĦĤŇĨ 
ėņĽņėńĠ : ĔŅĶĸħėĺŅĴĝŊŘĬ, ėŀĬĔĶňĨĭĸŖŀĔ, ĺńĽħŋīĶĶĴĝŅĨŇ, ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ, œĕĮŅĸƢĴĬŘņĴńĬ, œĕ
ĩńŗĺŏľĸŊŀĚ, ĔŅĶĬņėĺŅĴĶƟŀĬ 

ĬŅĵ ĻĶńĦĵŌ ĽĺƞŅĚŏĴę: ĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔįĽĴĺńĽħŋīĶĶĴĝŅĨŇħƟĺĵĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃěŅĔœĕĮŅĸƢĴĬŘņĴńĬŐĸŃœĕĩńŗĺŏľĸŊŀĚ ŏıŊŗŀĸħĔŅĶĬņėĺŅĴĶƟŀĬŏĕƟŅĽŌƞŀŅėŅĶ ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢľĸńĔ : ŀŅěŅĶĵƢ ħĶ. ĽńĪīŅ ĮƤĠĠŅŐĔƟĺ 

 
ĭĪėĺŅĴĺŇěńĵĬňŘŏĮƦĬĻŉĔļŅŏĔňŗĵĺĔńĭĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔįĽĴĺńĽħŋīĶĶĴĝŅĨŇħƟĺĵ

ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔœĕĮŅĸƢĴĬŘņĴńĬŐĸŃœĕĩńŗĺŏľĸŊŀĚ ŏıŊŗŀĸħĔŅĶĬņėĺŅĴĶƟŀĬŏĕƟŅĽŌƞŀŅėŅĶ őħĵ
ĪņĔŅĶĻŉĔļŅĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ (PCM) ěŅĔīĶĶĴĝŅĨŇĴŅĮĶŃĵŋĔĨƢŒĝƟ ŒĬĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĺńĽħŋ
īĶĶĴĝŅĨŇĔƞŀĬĬņœĮįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔ ŏıŊŗŀŒľƟŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴœĴƞŏĮƦĬŀńĬĨĶŅĵĨƞŀįŌƟŒĝƟĚŅĬ
ŏıŊŗŀıńĥĬŅĽŌƞįĸŇĨĳńĦĤƢĔƞŀĽĶƟŅĚĽňŏĕňĵĺ (Green Buildings Materials) őħĵĴňĽĴĴĨŇģŅĬĺƞŅ ĔŅĶĬņĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃěŅĔĮŅĸƢĴĬŘņĴńĬŐĸŃœĕĩńŗĺŏľĸŊŀĚĴŅŏĮƦĬĺńĽħŋĪňŗŒĝƟŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇĔƞŀĬįĽĴŒĬ
ėŀĬĔĶňĨĭĸŖŀĔőħĵĺŇīň Encapsulation method ěŃĽŅĴŅĶĩĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĴň
ĽƞĺĬįĽĴĕŀĚĺńĽħŋīĶĶĴĝŅĨŇœħƟ őħĵĴňŏĔĦĤƢıŇěŅĶĦŅĔŅĶŏĸŊŀĔĺńĽħŋīĶĶĴĝŅĨŇĪňŗěŃĬņĴŅŒĝƟŏĮƦĬĽƞĺĬįĽĴ
ŒĬėŀĬĔĶňĨĭĸŖŀĔėŊŀĺńĽħŋīĶĶĴĝŅĨŇĪňŗœħƟĴŅĨƟŀĚĴŅěŅĔŐľĸƞĚīĶĶĴĝŅĨŇ ĴňėĺŅĴĪĬĪŅĬ ĨƟĬĪŋĬŒĬĔŅĶ
ĕĬĽƞĚŐĸŃĔŅĶěńħĔŅĶĨŗņ ĽŅĴŅĶĩĸħĮĶŇĴŅĦĕŀĚŏĽňĵĪňŗŏľĸŊŀĪŇŘĚŒľƟŏĔŇħĮĶŃőĵĝĬƢ ĴňĔŅĶěńħĔŅĶĪňŗ
ĮĶŅĻěŅĔĕńŘĬĨŀĬŏĔňŗĵĺĔńĭĽŅĶŏėĴň ĴňĮĶŇĴŅĦĴŅĔŏıňĵĚıŀľŅœħƟĨĸŀħĪńŘĚĮƖ ĴňėŋĦĽĴĭńĨŇħƟŅĬıĸńĚĚŅĬ 
ěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸ ıĭĺƞŅ ĺńĽħŋīĶĶĴĝŅĨŇ 2 ĝĬŇħ ėŊŀ ŐĔĸĭ ŐĸŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲ  ĴňėŋĦĽĴĭńĨŇŏĕƟŅ
ĔńĭŏĔĦĤƢĪňŗĨńŘĚœĺƟ ěŉĚĬņĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚ 2 ĝĬŇħĴŅĻŉĔļŅŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇŒĬħƟŅĬŀĚėƢĮĶŃĔŀĭ
ŐĸŃėŋĦĽĴĭńĨŇĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬ ĔƞŀĬėńħŏĸŊŀĔĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬĔŅĶįĸŇĨėŀĬĔĶňĨĭĸŖŀĔĪňŗ
ĽŅĴŅĶĩĸħėĺŅĴĝŊŘĬŏıŊŗŀŒľƟėƞŅĔŅĶĬņėĺŅĴĶƟŀĬŏĕƟŅĽŌƞŀŅėŅĶĸħĸĚ ŐĸŃœĴƞŏĮƦĬŀńĬĨĶŅĵĨƞŀĽŋĕĳŅı
įŌƟŒĝƟĚŅĬ ŐĸŃŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶĪňŗĝƞĺĵĸħĔŅĶŒĝƟıĸńĚĚŅĬŒĬŀŅėŅĶŀĵƞŅĚ
ĵńŗĚĵŊĬĨƞŀœĮŒĬŀĬŅėĨ 

ěŅĔĔŅĶĻŉĔļŅĕƟŀŏĔňŗĵĺĔńĭĔŅĶŒĝƟıĸńĚĚŅĬŒĬĶŌĮėĺŅĴĶƟŀĬŐİĚŒĬĽƞĺĬįĽĴĕŀĚėŀĬĔĶňĨĭĸŖŀĔ 
őħĵĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ(PCM) ŐĸŃěŅĔĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ
(PCM) ěŅĔĮŅĸƢĴĬŘņĴńĬŐĸŃœĕĩńŗĺŏľĸŊŀĚĬńŘĬĴňėŋĦĽĴĭńĨŇĪňŗŏľĴŅŃĽĴŒĬĔŅĶĬņĴŅĻŉĔļŅĪħĸŀĚľŅ
ĽńħĽƞĺĬįĽĴ őħĵįĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĔŅĶĪħĸŀĚ ıĭĺƞŅ ĽŌĨĶĪňŗ 3 ĪňŗĴňĽƞĺĬįĽĴĶŃľĺƞŅĚĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃěŅĔĮŅĸƢĴĬŘņĴńĬĔńĭĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĩńŗĺŏľĸŊŀĚŒĬŀńĨĶŅĽƞĺĬ 1 ĽƞĺĬĨƞŀ 1 ĽƞĺĬ ĴňĝƞĺĚ
ŀŋĦľĳŌĴŇľĸŀĴŏľĸĺĪňŗ 37°C - 67.5°C ĴňėĺŅĴŏľĴŅŃĽĴ ŏĬŊŗŀĚěŅĔĴňŀŋĦľĳŌĴŇŏĶŇŗĴĨƟĬľĸŀĴŏľĸĺĪňŗĨŗņ

 



  ě 

ĔĺƞŅıŅĶŅĲƕĬĪņŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬĽĩŅĬŃœħƟŏĶŖĺĔĺƞŅ ĪņŒľƟĽŅĴŅĶĩŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬŐİĚŒĬĺńĽħŋœħƟ
ĔƞŀĬ ĞŉŗĚŀŋĦľĳŌĴŇŒĬĕĦŃĪňŗŏĔŇħĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĬńŘĬěŃœĴƞŏĮĸňŗĵĬŐĮĸĚĴŅĔŐĨĔĨƞŅĚěŅĔĔŅĶŏĔŖĭ
ıĸńĚĚŅĬėĺŅĴĶƟŀĬőħĵœĴƞĴňĔŅĶŏĮĸňŗĵĬĽĩŅĬŃ (Sensible Thermal Storage) ĪņŒľƟŀŋĦľĳŌĴŇŒĬĨńĺ
ĺńĽħŋœĴƞĽŌĚěĬĽƞĚįƞŅĬėĺŅĴĶƟŀĬŀŀĔĴŅĴŅĔ ŐĸŃœħƟĴňĔŅĶıńĥĬŅĔŅĶĮƚŀĚĔńĬŐĸŃĸħėĺŅĴĝŊŘĬŏĕƟŅĴŅŒĬ
ŏĬŊŘŀĺńĽħŋ őħĵŒĝƟĔĶŃĭĺĬĔŅĶ Encapsulation Method ĺńĽħŋīĶĶĴĝŅĨŇőħĵĺŇīňĔŅĶ Coating Mixing 
ěņĬĺĬ 6 ĽŌĨĶ ŏıŊŗŀĬņœĮĪħĽŀĭľŅĽŌĨĶĪňŗħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħĔƞŀĬĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔ 
įĸĔŅĶĪħĽŀĭ ıĭĺƞŅ ĽŌĨĶ B1 ĪňŗĴňŀńĨĶŅĽƞĺĬįĽĴĕŀĚŏĮĸŊŀĔĔŃĸŅĔŅŐĲĪňŗ 1 Kg. ĨƞŀĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃ 20 % ĕŀĚĬŘņľĬńĔŏĮĸŊŀĔĔŃĸŅĔŅŐĲŐĸŃĮĶŇĴŅĦĬŘņĵŅĚıŅĶŅŒĬĔŅĶ Coating 70 % ĕŀĚ
ĬŘņľĬńĔŏĮĸŊŀĔĔŃĸŅĔŅŐĲ œħƟįĸĪħĽŀĭĪňŗħň ĴňŀńĨĶŅĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħŏľĴŅŃĪňŗěŃĬņœĮŏĮƦĬĽŌĨĶ
ĽƞĺĬįĽĴĺńĽħŋīĶĶĴĝŅĨŇĨƟĬŐĭĭŒĬĔŅĶĪħĸŀĚĽƞĺĬįĽĴĕŉŘĬĶŌĮėŀĬĔĶňĨĭĸŖŀĔĕĬŅħ 10 x 10 x 10 Ğ.Ĵ. 
ěņĬĺĬ 20 ĽŌĨĶ ŐĸŃėńħŏĸŊŀĔľŅĽŌĨĶĪňŗĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħ ěņĬĺĬ 10 ĽŌĨĶ őħĵĔŅĶĬņœĮĝńŗĚ
ĬŘņľĬńĔĔƞŀĬŐĸŃľĸńĚĬņœĮŐĝƞĬŘņ 24 ĝńŗĺőĴĚ ıĭĺƞŅ ĽŌĨĶĪňŗħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħ ėŊŀ A1, A2, A3, A4, B1, 
C3, C4, D2, D3, D4 ěŅĔĬńŘĬĬņœĮĕŉŘĬĶŌĮėŀĬĔĶňĨĭĸŖŀĔ ĽŌĨĶĸŃ 5 ĔƟŀĬĶĺĴĪńŘĚľĴħŏĮƦĬ 50 ĔƟŀĬ 
ŏıŊŗŀĬņœĮĪħĽŀĭĔŅĶĨƟŅĬĪŅĬŐĶĚŀńħŒľƟœħƟėĺŅĴŐĕŖĚŐĶĚĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞ
ĶńĭĬŘņľĬńĔ (ĴŀĔ.58-2533) ĪňŗĴňėƞŅĨƟŅĬĪŅĬŐĶĚŀńħŏĜĸňŗĵĨƟŀĚœĴƞĬƟŀĵĔĺƞŅ 2.5 ŏĴĔŃıŅĽėńĸ ěŃœħƟĽŌĨĶĪňŗ
įƞŅĬŏĔĦĤƢ ėŊŀ ĽŌĨĶ C3 ĴňėƞŅĨƟŅĬĪŅĬŐĶĚŀńħŏĜĸňŗĵŀĵŌƞĪňŗ 2.67 ŏĴĔŃıŅĽėńĸ ŐĸŃĴňĮĶŇĴŅĦĔŅĶħŌħĞŉĴĬŘņ
ŀĵŌƞĪňŗ 0.08 ĔŇőĸĔĶńĴ ŀńĨĶŅĽƞĺĬįĽĴőħĵĮĶŇĴŅĨĶĕŀĚĽŌĨĶ C3 ŐĪĬĪňŗĪĶŅĵħƟĺĵŏĮĸŊŀĔĔŃĸŅĔŅŐĲ 30 
ŏĮŀĶƢŏĞŖĬĨƢ ėŊŀ ĮŌĬ 1 ĽƞĺĬ ĨƞŀĪĶŅĵ 2.1 ĽƞĺĬ ĨƞŀľŇĬ 5 ĽƞĺĬ ĨƞŀŏĮĸŊŀĔĔŃĸŅĔŅŐĲ 0.9 ĽƞĺĬ ŐĸŃ
ĮĶŇĴŅĦĬŘņ 40 ŏĮŀĶƢŏĞŖĬĨƢĕŀĚĽƞĺĬįĽĴĪńŘĚľĴħ ěŅĔĬńŘĬĪņĔŅĶįĸŇĨĕŉŘĬĶŌĮěĶŇĚėŀĬĔĶňĨĭĸŖŀĔĕĬŅħ 70 
x 190 x 390 ĴĴ. őħĵŒĝƟŏėĶŊŗŀĚįĸŇĨėŀĬĔĶňĨĭĸŖŀĔĶŃĭĭĔŉŗĚœŁħĶŀĸŇĔŐĭĭ 4 ĔƟŀĬ ŏıŊŗŀĪņĔŅĶ
ĪħĽŀĭĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔ (ĴŀĔ.58-2533) ěŅĔĔŅĶĝńĔĨńĺŀĵƞŅĚ
ĕŀĚėŀĬĔĶňĨĭĸŖŀĔěņĬĺĬ 5 ĔƟŀĬ ıĭĺƞŅ ĴňĕĬŅħėĺŅĴĵŅĺ ėĺŅĴĽŌĚ  ėĺŅĴľĬŅ ėĺŅĴľĬŅŏĮĸŊŀĔ 
ıŊŘĬĪňŗľĬƟŅĨńħĽŋĪīŇ ĬŘņľĬńĔŐĸŃėƞŅėĺŅĴľĬŅŐĬƞĬ (Density) įĸĔŅĶĪħĽŀĭėƞŅĨƟŅĬĪŅĬŐĶĚŀńħŀĵŌƞĪňŗ 
3.33 ŏĴĔŃıŅĽėńĸ įĸĔŅĶĪħĽŀĭĮĶŇĴŅĦėĺŅĴĝŊŘĬĴňėƞŅĔŅĶľħĨńĺĪŅĚĵŅĺŀĵŌƞĪňŗĶƟŀĵĸŃ 0.057 ŐĸŃėƞŅ
ĶƟŀĵĸŃĔŅĶħŌħĔĸŊĬĬŘņŏĜĸňŗĵ 4.48 įƞŅĬŏĔĦĤƢĨŅĴĴŅĨĶģŅĬ ĴŀĔ. 58-2533 ŐĸŃįĸĔŅĶĪħĽŀĭėƞŅ
ĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇŏĜĸňŗĵ 23.8 ŀĚĻŅŏĞĸŏĞňĵĽŀĵŌƞĪňŗ 0.046  U-kŹIȮĞŉŗĚĴňėƞŅĨŗņĔĺƞŅ
ĴŅĨĶģŅĬĨŅĴĮĶŃĔŅĻĕŀĚĔĶŃĪĶĺĚıĸńĚĚŅĬŐĸŃĨŗņĔĺƞŅėƞŅ CIBSE Guide A : 2015 

ěŅĔĬńŘĬœħƟĪņĔŅĶĪħĽŀĭėƞŅħŌħĞŉĴėĺŅĴĝŊŘĬŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĺńĽħŋėŀĬĔĶňĨĭĸŖŀĔĝĬŇħŀŊŗĬŕ
ĪňŗěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħ 2 ĵňŗľƟŀ įĸĮĶŅĔĢĺƞŅŀńĨĶŅĔŅĶħŌħĞŉĴĬŘņŏĜĸňŗĵĕŀĚėŀĬĔĶňĨĭĸŖŀĔěŅĔ
ĚŅĬĺŇěńĵĴňėƞŅĔŅĶħŌħĞŉĴĬŘņ ĶƟŀĵĸŃ 12.304 ĬƟŀĵĪňŗĽŋħ ĞŉŗĚŏĮƦĬįĸħňŒĬĔŅĶĬņėŀĬĔĶňĨĭĸŖŀĔœĮŒĝƟĚŅĬ
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ĺńĽħŋĮĶŃĔŀĭŀŅėŅĶőħĵěŃĪņŒľƟėƞŅĔŅĶĬņėĺŅĴĶƟŀĬ (k) ĸħĸĚĨŅĴœĮħƟĺĵ ěŅĔĬńŘĬĪņĔŅĶĪħĽŀĭ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŐĸŃĪħĽŀĭĮĶŇĴŅĦėĺŅĴĝŊŘĬŒĬĽĳŅĺŃĨƞŅĚŕ őħĵĪņĔĸƞŀĚįĬńĚ
ĪħĸŀĚĨƟĬŐĭĭěņĸŀĚœĺƟŏĮƦĬ 2 ĔĶĦňĻŉĔļŅėŊŀŒĬĽĳŅĺŃĮĔĨŇŐĸŃĽĳŅĺŃĪňŗĴňėĺŅĴĝŊŘĬŏĔŇħĕŉŘĬ őħĵŒĝƟ
ŏėĶŊŗŀĚĭńĬĪŉĔĕƟŀĴŌĸ (Data logger) ĵňŗľƟŀ BENETECH ĶŋƞĬ GM 1365 ŏıŊŗŀĨĶĺěĺńħŀŋĦľĳŌĴŇŐĸŃ
ėĺŅĴĝŊŘĬĽńĴıńĪīƢĕŀĚŀŅĔŅĻĪńŘĚĳŅĵŒĬŐĸŃĳŅĵĬŀĔĔĸƞŀĚĪħĽŀĭĪŋĔŕ 5 ĬŅĪň ĪņĔŅĶĪħĸŀĚŐĸŃŏĔŖĭ
ĕƟŀĴŌĸĺńĬĪňŗ 21 ů 24 ĴŇĩŋĬŅĵĬ 2564 ěŅĔĔŅĶŏĔŖĭĕƟŀĴŌĸŒĬĽĳŅĺŃĮĔĨŇ ıĭĺƞŅ ŀŋĦľĳŌĴŇĽŌĚĽŋħĕŀĚ
ŀŅĔŅĻĳŅĵĬŀĔŀĵŌƞĪňŗ 37.5°C ĽƞĺĬŀŋĦľĳŌĴŇĽŌĚĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 
37.3°C ŐĸŃ ŀŋĦľĳŌĴŇĨŗņĽŋħĕŀĚŀŅĔŅĻĳŅĵĬŀĔŀĵŌƞĪňŗ 24°C  ŀŋĦľĳŌĴŇĨŗņĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨ
ĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 25.2°C ėĺŅĴĝŊŘĬĽńĴıńĪīƢĽŌĚĽŋħĕŀĚŀŅĔŅĻĳŅĵĬŀĔŀĵŌƞĪňŗ 87.8% ėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢĽŌĚĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 81.5% ėĺŅĴĝŊŘĬĽńĴıńĪīƢĨŗņĽŋħĕŀĚŀŅĔŅĻ
ĳŅĵĬŀĔŀĵŌƞĪňŗ 40.9% ėĺŅĴĝŊŘĬĽńĴıńĪīƢĨŗņĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 49.2% 
ŐĸŃĽĳŅĺŃĪňŗĴňėĺŅĴĝŊŘĬŏĔŇħĕŉŘĬőħĵĪņĔŅĶĨŇħĨńŘĚĶŃĭĭĜňħĬŘņŐĭĭ Spray ĪňŗĴňĶŃĭĭĨńŘĚŏĺĸŅŏĮƕħ-ĮƕħĪņ
ĔŅĶĮĸƞŀĵĬŘņĨĸŀħŏĺĸŅ 24 ĝńŗĺőĴĚ ŏĔŖĭĕƟŀĴŌĸŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢĕŀĚŀŅĔŅĻĳŅĵĬŀĔĔĸƞŀĚ
ĪħĽŀĭĪŋĔŕ 5 ĬŅĪň ĪņĔŅĶĪħĸŀĚŐĸŃŏĔŖĭĕƟŀĴŌĸĺńĬĪňŗ 25 ů 28 ĴŇĩŋĬŅĵĬ 2564 ıĭĺƞŅ ŀŋĦľĳŌĴŇ
ĽŌĚĽŋħĕŀĚŀŅĔŅĻĳŅĵĬŀĔŀĵŌƞĪňŗ 35.9°C  ŀŋĦľĳŌĴŇĽŌĚĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 
31.3°C ŐĸŃŀŋĦľĳŌĴŇĨŗņĽŋħĕŀĚŀŅĔŅĻĳŅĵĬŀĔŀĵŌƞĪňŗ 24°C  ŀŋĦľĳŌĴŇĨŗņĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨ
ĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 23.2°C ėĺŅĴĝŊŘĬĽńĴıńĪīƢĽŌĚĽŋħĕŀĚŀŅĔŅĻĳŅĵĬŀĔŀĵŌƞĪňŗ 88% ėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢĽŌĚĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 91% ŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢĨŗņĽŋħĕŀĚ
ŀŅĔŅĻĳŅĵĬŀĔŀĵŌƞĪňŗ 41.4% ėĺŅĴĝŊŘĬĽńĴıńĪīƢĨŗņĽŋħŒĬĔĸƞŀĚĪňŗ 1 ėŀĬĔĶňĨĭĸŖŀĔěŅĔĚŅĬĺŇěńĵŀĵŌƞĪňŗ 
63.6% ĽĶŋĮœħƟĺƞŅ ėŀĬĔĶňĨĭĸŖŀĔěŅĔĔŅĶĺŇěńĵĴňėƞŅŀŋĦľĳŌĴŇŀŅĔŅĻĳŅĵŒĬĨŗņĽŋħŐĸŃĴňėƞŅėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢĽŌĚĽŋħŒĬĪńŘĚ 2 ĔĶĦň ĪņŒľƟŏľŖĬœħƟĺƞŅėŀĬĔĶňĨĭĸŖŀĔěŅĔĚŅĬĺŇěńĵĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬ(k)ĨŗņĔĺƞŅ
ėŀĬĔĶňĨĭĸŖŀĔěŅĔĪƟŀĚĨĸŅħĪńŘĚ 2 ĝĬŇħŐĸŃėĺŅĴĽńĴıńĬīƢĕŀĚėƞŅŀŋĦľĳŌĴŇěŃŐĮĶįĔįńĬĔńĭėƞŅėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢŒĬĪńŘĚ 2 ĔĶĦň ĞŉŗĚĽŅĴŅĶĩĵŊĬĵńĬœħƟĺƞŅėŀĬĔĶňĨĭĸŖŀĔĪňŗįĽĴĺńĽħŋīĶĶĴĝŅĨŇĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶ
ŏĨĶňĵĴĺńĨĩŋħŇĭĨŅĴĕńŘĬĨŀĬĔŅĶĺŇěńĵĴňŀńĨĶŅĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬĨŗņĽƞĚįĸĪņŒľƟėƞŅĔŅĶĬņėĺŅĴĶƟŀĬ (k) ŒĬ
ėŀĬĔĶňĨĭĸŖŀĔĸħĸĚħƟĺĵ 
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MR. SARANYOO SAWANGMAKE : MOISTURE REDUCTION IN CONCRETE BLOCKS 
MIXED WITH NATURAL MATERIALS BY USING ORGANIC PHASE-CHANGE MATERIALS 
FROM PALM WAX AND SOY WAX TO REDUCE  HEAT TRANSFER INTO BUILDING. THESIS 
ADVISOR :  SATTA PANYAKAEW 

This research aimed to study the moisture reduction in concrete blocks 
mixed with natural materials by using organic phase-change materials (PCM) from 
palm wax and soy wax to reduce heat transfer into building. Natural phase-change 
materials were applied in the material preparation process before being mixed into 
concrete blocks. The objectives of this study are to be environmentally friendly, 
harmless to users, and to develop natural phase-change materials into green building 
materials. The hypothesis of this study was that the transition material from palm oil 
and soy wax was used as a natural material preparation before mixing in the 
concrete block by the Encapsulation method which is able to reduce moisture 
content in concrete blocks containing natural materials. Criteria for selecting natural 
materials to be used as an ingredient in concrete blocks are natural materials derived 
from natural sources, durable, low cost of transportation and handling, reduce the 
amount of waste left to be useful, chemical-free management process, large enough 
volume all year round and also have energy properties. From the study of the data, 
it found that two types of natural materials, namely rice husk and coffee shell husk 
were qualified to the set criteria. Therefore, the two natural materials were studied 
to compare their composition and moisture absorption properties before being used 
as an ingredient in the production of concrete blocks that can reduce moisture in 
order to reduce the thermal conductivity into the building. Moreover, it is not 
harmful to the health of users and it can be a guideline for choosing building 
materials that will reduce energy consumption in buildings sustainably in the future. 

From the study of energy consumption in latent heat in concrete block 
mixtures by using phase-change materials (PCM) and from the literature review 
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related to phase-change material (PCM) from oil palm and soy wax that are suitable 
for use in the trial to determine mixture ratio, it found that formula 3 with a 1:1 
mixture of palm oil phase-change material and soybean phase change material, it 
has a melting temperature range of 37°C - 67.5°C. It is suitable because it has a lower 
initial melting temperature than paraffin and allows for faster transition. This allows 
the latent heat energy to be stored in the material first. The temperature during the 
transition does not change much. It differs from the storage of thermal energy 
without a change in state (Sensible Thermal Storage). The temperature in the 
material is not so high that it transmits a lot of heat. The natural material 
Encapsulation Method was developed to prevent and reduce moisture in the 
material by using Coating Mixing, 6 formulas. The purpose is to test the formula that 
absorbs the least water before being used as an ingredient in concrete blocks. It 
found that formula B1 with a mixture ratio of coffee husks at 1 kg. per phase-change 
material, 20 % of the coffee husk weight and the amount of latex in coating 70% of 
the coffee husk weight, good test result. And it has the lowest water absorption rate 
suitable for using as a prototype natural material formulation (20 formulas) in 
concrete block molding experiments, size 10×10×10 cm. Ten formulas with the least 
water absorption were selected by weighing them before and after 24 hours in water. 
It found that the least absorbent formulas are A1, A2, A3, A4, B1, C3, C4, D2, D3, D4. 
Then take to form concrete blocks, each formula is 5 blocks for a total of 50 blocks 
to test the compressive strength to get the strength according to the industry 
standard- non-load bearing concrete block (TIS 58-2533) with average compressive 
strength that must not be less than 2.5 megapascals. The qualifying formula, C3, had 
an average compressive strength of 2.67 megapascals and a water absorption volume 
of 0.08 kg. The mixing ratio by volume of formula C3 replacing sand with 30% coffee 
shell husks was 1 part cement per 2.1 parts sand per 5 parts stone per 0.9 parts 
coffee shell husk, and 40% water content of the total mixture. The actual concrete 
block size 70 x 190 x 390 mm. was then produced by using a semi-hydraulic 
concrete block machine- 4 blocks type, to perform the industry standard test-non-
load bearing concrete block (TIS. 58-2533). Five concrete blocks were selected to be 
as examples, it found that length, height, thickness, surface thickness, net cross-
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sectional area, weight, and density; the compressive strength test result was 3.33 
megapascals, the moisture content test result has a longitudinal shrinkage of 0.057%, 
and an average water absorption value of 4.48%. This passed the criteria of TIS 58-
2533, and the thermal conductivity coefficient at an average temperature of 23.8 °C 
gqȮ.,.24ȮU-kŹI*ȮufgafȮgqȮjmucpȮrf_lȮrfcȮKglgqrpwȮmdȮClcpew%qȮ_llmslacbȮqr_lb_pbȮ_lbȮ
lower than the CIBSE Guide A: 2015. 

Then the moisture absorption value was tested to compare with other 
concrete block materials that are available in the market for 2 brands. The results 
showed that the average water absorption rate of concrete blocks from the research 
was the lowest water absorption of 12.304 %. This is a good result in the use of 
concrete blocks for building materials, which can reduce the thermal conductivity (k) 
accordingly. Then test the heat reduction ability and test the moisture content under 
various conditions by making the original wall box as a model for 2 case studies, that 
are; in normal conditions and humidity conditions-use a data logger, brand-
BENETECH, model- GM 1365, to check the temperature and relative humidity of the 
air inside and outside the test box every 5 minutes. The experiment and data 
collection were on 21-24 June 2021. In normal conditions, the maximum outdoor air 
temperature was 37.5°C, the maximum temperature in Box 1 of the concrete block 
from the research was 37.3°C and the minimum outside air temperature was 24°C, 
the lowest temperature in Box 1 of the research concrete block was 25.2°C. The 
maximum relative humidity of the outdoor air is 87.8%, the maximum relative 
humidity in Box 1, the research concrete block is 81.5%, the minimum relative 
humidity of the outdoor air is 40.9%, the lowest relative humidity in Box 1, the 
research concrete block is 49.2%. And conditions where humidity occurs by installing 
a spray system that has a timer system to turn on and off to release water 24 hours 
a day, collect temperature and relative humidity of the air outside the test box every 
5 minutes, test and store the date data 25 ů 28 June 2021, it found that the 
maximum outdoor air temperature is 35.9°C, the maximum temperature in Box 1 of 
the research concrete block is 31.3°C. The minimum outdoor air temperature is 24°C, 
the lowest temperature in Box 1, the research concrete block, is 23.2°C. The 



  Ġ 

maximum relative humidity of the outdoor air is 88%, the maximum relative 
humidity in Box 1 of the research concrete block is 91%. The minimum relative 
humidity of the outdoor air is 41.4%, the lowest relative humidity in Box 1, the 
research concrete block, is 63.6%. It was concluded that the concrete blocks from 
the research had the lowest indoor air temperature and the highest relative humidity 
in both cases. It can be seen that the concrete blocks from the research have a 
lower thermal conductivity (k) than the two types of concrete blocks from the 
market, and the relationship of the temperature is inversely proportional to the 
relative humidity in both cases. It can be confirmed that concrete blocks mixed with 
natural materials that have undergone the raw material preparation process 
according to the research process have low moisture absorption rates, resulting in 
lower thermal conductivity (k) in concrete blocks. 
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ėĺŅĴĽņėńĠŐĸŃĪňŗĴŅĕŀĚĮƤĠľŅ 

ĮĶŃŏĪĻœĪĵŏĮƦĬĮĶŃŏĪĻĪňŗĴňĳŌĴŇŀŅĔŅĻŐĭĭĶƟŀĬĝŊŘĬ (Tropical rainy climates)ȮėŊŀ ĴňİĬĨĔ
ĝŋĔĨĸŀħĪńŘĚĮƖ  ěŉĚŏĮƦĬĽŅŏľĨŋľĸńĔĪňŗĪņŒľƟŏĔŇħėĺŅĴĝŊŘĬŒĬŀŅĔŅĻĽŌĚȮėĺŅĴĝŊŘĬĽńĴıńĪīƢŏĜĸňŗĵĨĸŀħĪńŘĚĮƖ
ŀĵŌƞĪňŗȮ50-52% &ĔĶĴŀŋĨŋĬŇĵĴĺŇĪĵŅ, Ĵ,Į,Į,Ȯ8Ȯ27-41'  ĞŉŗĚėĺŅĴĝŊŘĬĪňŗŏĔŇħĕŉŘĬĴňįĸĨƞŀŀŅėŅĶ  ĮĶňĝĠŅȮ
&ĮĶňĝĠŅȮĴľńĪīĬĪĺňȮŐĸŃȮĪĵŅĔĶȮěŅĶŋĝńĵĴĬĨĶň, 0337'ȮȮœħƟĔĸƞŅĺĺƞŅȮĺŇīňĔŅĶĪňŗėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭ
ŀŅėŅĶĴňŀĵŌƞħƟĺĵĔńĬȮ2ȮĺŇīňėŊŀ &1)  Liquid Flow  ėĺŅĴĝŊŘĬŒĬĽĳŅĺŃĕŀĚŏľĸĺĪňŗŏĕƟŅĴŅŒĬŀŅėŅĶȮŏĝƞĬ
ĬŘņİĬĪňŗĴŅěŅĔĶŅĚĶŃĭŅĵĬŘņİĬĪňŗŀŋħĨńĬŐĸŃœľĸĸƟĬŏĕƟŅĴŅŒĬŀŅėŅĶȮȮĔŅĶŏħŇĬĪƞŀĬŘņŒĬįĬńĚŐĸŃŏĔŇħ
ĮƤĠľŅĪƞŀĝņĶŋħĪņŒľƟĬŘņĞŉĴįƞŅĬįĬńĚŏĕƟŅŒĬŀŅėŅĶȮȮĨĸŀħěĬĽĳŅĺŃĬŘņĪƞĺĴȮŏĮƦĬĨƟĬ  &2) Capillary 
Suction ŏĝƞĬȮĔŅĶħŌħĞŉĴĬŘņįƞŅĬĶŌıĶŋĬŏĸŖĔȮŕȮĪňŗŀĵŌƞŒĬĺńĽħŋĪňŗŒĝƟĪņŏĮƦĬįĬńĚľĶŊŀıŊŘĬŀŅėŅĶĽƞĺĬĪňŗĽńĴįńĽ
ĔńĭħŇĬĪňŗĝŋƞĴĬŘņȮĪňŗŏĶňĵĔĺƞŅȮŴRising Dampŵ ŐĸŃĔŅĶħŌħĞŉĴĬŘņĭĶŇŏĺĦĝŇŘĬœĴƟȮĕŀĚįĬńĚĪňŗĞƟŀĬĪńĭĔńĬ 
ŏĮƦĬĨƟĬ  &3) Air movement ŏĝƞĬ ŀŅĔŅĻĪňŗĶńŗĺĞŉĴįƞŅĬĭĶŇŏĺĦĶŀĵĨƞŀĶŃľĺƞŅĚĝŇŘĬĽƞĺĬĕŀĚįĬńĚĪňŗœĴƞœħƟĴň
ĔŅĶŒĝƟĺńĽħŋŀŋħĮƕħŀĵƞŅĚŏľĴŅŃĽĴȮȮĝƞŀĚŏěŅŃĪňŗĭĶŇŏĺĦįĬńĚȮŏĝƞĬȮĮĸńřĔœĲȮȮŐĸŃȮĶŀĵĨƞŀĶŃľĺƞŅĚįĬńĚĔńĭ
ĺńĽħŋĴŋĚľĸńĚėŅ  &4)  Vapor Diffusion  ĔŅĶŐıĶƞĕŀĚėĺŅĴĝŊŘĬĪňŗįƞŅĬĺńĽħŋĔĶŀĭŀŅėŅĶȮȮőħĵĔŅĶŐıĶƞ
ĕŀĚœŀĬŘņĞŉŗĚŐıĶƞěŅĔĭĶŇŏĺĦĪňŗėĺŅĴħńĬœŀĽŌĚȮ&High Vapor Pressure)  œĮĵńĚĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņ
ĪňŗĨŗņ  (Low Vapor Pressure)  őħĵŒĬŀŅĔŅĻĪňŗĴňėĺŅĴĝŊŘĬěŃĴňėĺŅĴħńĬœŀĬŘņĪňŗĴŅĔĔĺƞŅŀŅĔŅĻĪňŗŐľƟĚȮȮ
ĔŅĶŐıĶƞįƞŅĬĕŀĚœŀĬŘņĪňŗįƞŅĬĺńĽħŋěŃŐıĶƞěŅĔĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņĽŌĚœĮĵńĚĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņ
ĨŗņĔĺƞŅĬŀĔěŅĔĬňŘĔŅĶŐıĶƞĵńĚĴňĪŇĻĪŅĚěŅĔĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĽŌĚœĮĵńĚĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĨŗņĔĺƞŅ 

Hygroscopic material ľĴŅĵĩŉĚȮĽŅĶĪňŗħŌħėĺŅĴĝŊŘĬěŅĔĭĶĶĵŅĔŅĻœħƟħňȮŏĝƞĬȮĞŇĸŇĔŅŏěĸőıĶıŇ
ĸňĬœĔĸėŀĸȮĬŘņĨŅĸȮĬĴįĚȮŏĮƦĬĨƟĬ  &ıŇĴıƢŏıŖĠȮıĶŏĜĸŇĴıĚĻƢȮŐĸŃȮĬŇīŇĵŅȮĶńĨĬŅĮĬĬĪƢ, Ĵ,Į,Į,' 
ĔŅĶĽŃĽĴėĺŅĴĝŊŘĬŒĬĺńĽħŋȮMoisture StorageȮőħĵĺńĽħŋĪňŗŏĮƦĬȮHygroscopic Material ěŃĴň
ėĺŅĴĽŅĴŅĶĩħŌħĞńĭėĺŅĴĝŊŘĬĪňŗĴňŀĵŌƞŒĬŀŅĔŅĻœħƟȮőħĵĺńĽħŋěŃħŌħĞńĭėĺŅĴĝŊŘĬěĬŏĔŇħĽĴħŋĸ
ėĺŅĴĝŊŘĬ &Moisture Equilibrium) ĞŉŗĚĕŉŘĬĔńĭĮĶŇĴŅĦėĺŅĴĝŊŘĬĽńĴıńĪīƢŒĬĕĦŃĬńŘĬȮȮőħĵĮĶŇĴŅĦ
ėĺŅĴĝŊŘĬŒĬĺńĽħŋ &Moisture Content) ěŃŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀėĺŅĴĝŊŘĬĽńĴıńĪīƢŏıŇŗĴĽŌĚĕŉŘĬȮĔŅĶŏĔŇħėĺŅĴĝŊŘĬ
ŒĬĺńĽħŋȮ&Moisture region) ĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ1ȮĝƞĺĚȮ&īĬŅĝńĵȮěĚĽŋĺĶĶĦœıĻŅĸ, 03308Ȯ27-
41'  ėŊŀ 

1. Sorption Moisture (or Hygroscopic) Region ĝƞĺĚĬňŘěŃŏĶŇŗĴĨƟĬĨńŘĚŐĨƞĽĳŅĺŃĪňŗŐľƟĚ 
&Dry State) œĮěĬĩŉĚĽĳŅĺŃĽĴħŋĸĕŀĚėĺŅĴĝŊŘĬĪňŗėĺŅĴĝŊŘĬĽńĴıńĪīƢĮĶŃĴŅĦȮ95%  
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2. Capillary Water Region ĝƞĺĚĬňŘěŃĨƞŀŏĬŊŗŀĚěŅĔĝƞĺĚĪƟŅĵĕŀĚȮSorption Region 
œĮěĬĩŉĚĔŅĶŀŇŗĴĨńĺĕŀĚĬŘņȮ&Free Water Saturate)ȮŒĬĝƞĺĚĬňŘĶŌıĶŋĬĕŀĚĺńĽħŋĪňŗĴňĕĬŅħŒľĠƞěŃĩŌĔ 
ŏĨŇĴŏĨŖĴħƟĺĵĬŘņěĬĩŉĚěŋħŀŇŗĴĨńĺ 

3. Super Saturated Region ĝƞĺĚĬňŘěŃĨƞŀŏĬŊŗŀĚěŅĔĝƞĺĚŀŇŗĴĨńĺĕŀĚĬŘņȮœĮěĬĩŉĚĝƞŀĚĺƞŅĚ
ĳŅĵŒĬĺńĽħŋĪńŘĚľĴħŏĨŖĴœĮħƟĺĵĬŘņȮŒĬĝƞĺĚĬňŘėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢěŃŏĪƞŅĔńĭȮ100% ŏĽĴŀȮ&īĬŅĝńĵȮěĚ
ĽŋĺĶĶĦœıĻŅĸȮ,Ȯ0330' 

ěŅĔĔŅĶĻŉĔļŅȮŏĶŊŗŀĚȮėĺŅĴĝŊŘĬŒĬĺńĽħŋĪňŗĴňįĸĨƞŀėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮıĭĺƞŅėĺŅĴĝŊŘĬ
ŒĬĺńĽħŋĪňŗĴňįĸĪņŒľƟėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ&Thermal Conductivity) ĕŀĚĺńĽħŋ 
ŏıŇŗĴĴŅĔĕŉŘĬȮȮĪńŘĚĬňŘȮŏĬŊŗŀĚĴŅěŅĔĬŘņĪňŗŀĵŌƞŒĬĺńĽħŋĬńŘĬĴňėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĪňŗĽŌĚĔĺƞŅŀŅĔŅĻ 
ĪňŗŐĪĶĔŀĵŌƞŒĬĝƞŀĚĺƞŅĚĕŀĚĺńĽħŋȮŏĬŊŗŀĚĴŅěŅĔĔŅĶŐıĶƞĕŀĚœŀĬŘņĪňŗįĬńĚĳŅĵĬŀĔŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬěŅĔ
ĶńĚĽňŀŅĪŇĨĵƢȮįĬńĚĳŅĵĬŀĔĪňŗĴňĺńĽħŋĝńŘĬĬŀĔĽŋħŏĮƦĬĺńĽħŋĪňŗĴňĶŌıĶŋĬȮŏĝƞĬȮŀŇģȮŏĴŊŗŀĩŌĔİĬĺńĽħŋěŃħŌħĞńĭĬŘņ 

œĺƟĳŅĵŒĬ  ľĸńĚěŅĔĬńŘĬĩƟŅįĬńĚĽƞĺĬĬňŘœħƟĶńĭėĺŅĴĶƟŀĬěŅĔĶńĚĽňħĺĚŀŅĪŇĨĵƢȮĬŘņĪňŗħŌħĞńĭœĺƟĔŖěŃĴňŀŋĦľĳŌĴŇ
ĽŌĚĕŉŘĬŐĸŃĴňėĺŅĴħńĬœŀĬŘņĪňŗĽŌĚĔĺƞŅĭĶŇŏĺĦĪňŗŀĵŌƞőħĵĶŀĭȮȮěŉĚĪņŒľƟŏĔŇħĔŅĶŐıĶƞĔĶŃěŅĵĕŀĚœŀĬŘņěŅĔ
ĺńĽħŋįĬńĚĽƞĺĬĬňŘœĮĵńĚĭĶŇŏĺĦĪňŗĨŇħĔńĬȮĞŉŗĚĴňŀŋĦľĳŌĴŇŐĸŃėĺŅĴħńĬœŀĬŘņĪňŗĨŗņĔĺƞŅ 

ĺńĽħŋĪňŗŏĮƦĬȮHygroscopic Material ĪňŗŀĵŌƞĳŅĵŒĬŀŅėŅĶĽŅĴŅĶĩħŌħĞńĭėĺŅĴĝŊŘĬěŅĔŀŅĔŅĻȮ
ŐĸŃėŅĵėĺŅĴĝŊŘĬŀŀĔĽŌƞŀŅĔŅĻĪňŗŀĵŌƞŐĺħĸƟŀĴĺńĽħŋĬńŘĬœħƟȮȮőħĵĔŅĶħŌħĞńĭŐĸŃĔŅĶėŅĵėĺŅĴĝŊŘĬĬňŘĴňįĸŒľƟ
ŏĔŇħĔŅĶľĬƞĺĚėĺŅĴĝŊŘĬĕŀĚŀŅĔŅĻĳŅĵŒĬľƟŀĚȮĪņŒľƟėĺŅĴĝŊŘĬĳŅĵŒĬŀŅėŅĶœĴƞŐĨĔĨƞŅĚĔńĬĴŅĔŒĬŐĨƞĸŃ
ĝƞĺĚŏĺĸŅĴňĔŅĶŀīŇĭŅĵıķĨŇĔĶĶĴĔŅĶľĬƞĺĚėĺŅĴĝŊŘĬĕŀĚĺńĽħŋȮ&Moisture Buffering of Material) 
œĺƟħńĚĬňŘȮȮŏĴŊŗŀŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĳŅĵŒĬľƟŀĚĽŌĚĕŉŘĬȮ&ėĺŅĴĝŊŘĬĽńĴıńĪīƢĸħĸĚ'ȮŀŋĦľĳŌĴŇĪňŗįŇĺĕŀĚĺńĽħŋěŃ
ŏıŇŗĴĽŌĚĕŉŘĬħƟĺĵȮȮœŀĬŘņěŅĔŒĬĺńĽħŋěŃŐıĶƞŀŀĔĴŅĽŌƞĳŅĵŒĬľƟŀĚȮŒĬĪŅĚĔĸńĭĔńĬŏĴŊŗŀŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚ
ĨŗņĸĚȮ&ėĺŅĴĝŊŘĬĽńĴıńĪīƢŏıŇŗĴĕŉŘĬ'ȮœŀĬŘņĳŅĵŒĬŀŅĔŅĻěŃĩŌĔħŌħĞńĭŏĕƟŅœĮŒĬĺńĽħŋȮěŉĚĪņŒľƟėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢĳŅĵŒĬľƟŀĚĴňėƞŅėƞŀĬĕƟŅĚėĚĪňŗȮȮĬŀĔěŅĔĬňŘŒĬĕĦŃĪňŗĺńĽħŋėŅĵœŀĬŘņŀŀĔĴŅĬńŘĬȮěŃŏĔŇħĔŅĶħŉĚŏŀŅ
ėĺŅĴĶƟŀĬŐİĚĪňŗŀĵŌƞŒĬŀŅĔŅĻȮŐĸŃŏĴŊŗŀĺńĽħŋħŌħĞńĭėĺŅĴĝŊŘĬěŃĴňĔŅĶĮĸƞŀĵėĺŅĴĶƟŀĬŀŀĔĴŅĽŌƞŀŅĔŅĻ
ĳŅĵŒĬľƟŀĚȮĞŉŗĚĴňįĸĪņŒľƟŀŋĦľĳŌĴŇŒĬľƟŀĚĴňėƞŅĪňŗėƞŀĬĕƟŅĚėĚĪňŗĔĺƞŅĔŅĶĪňŗœĴƞĴňĺńĽħŋĪňŗŏĮƦĬȮHygroscopic 
MaterialȮŀĵŌƞĳŅĵŒĬľƟŀĚȮĮƤěěńĵľĸńĔĪňŗĴňįĸĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶľĬƞĺĚėĺŅĴĝŊŘĬĕŀĚĺńĽħŋėŊŀȮėƞŅĔŅĶ
ħŌħĞńĭȮ&Sorption'ȮėĺŅĴĝŊŘĬĕŀĚĺńĽħŋȮŐĸŃȮėƞŅȮVapor Permeability ĞŉŗĚėƞŅħńĚĔĸƞŅĺĬňŘȮőħĵĪńŗĺœĮěŃ 
œĴƞėĚĪňŗȮŐĨƞěŃŏĮĸňŗĵĬœĮĨŅĴėƞŅĝŊŘĬĽńĴıńĪīƢ 

ėĺŅĴĝŊŘĬĪņŒľƟĳŅĵŒĬŀŅėŅĶĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĪňŗĽŌĚįƞŅĬŏĕƟŅĴŅŒĬŀŅėŅĶȮŏĔŇħĽĳŅĺŃœĴƞ
ĽĭŅĵĨƟŀĚŒĝƟıĸńĚĚŅĬŏĮƦĬěņĬĺĬĴŅĔŏıŊŗŀĸħėĺŅĴĝŊŘĬŒĬĶŃĭĭĮĶńĭŀŅĔŅĻ  ėĺŅĴŏĽňĵľŅĵĪňŗŏĔŇħěŅĔ
ėĺŅĴĝŊŘĬŒĬįĬńĚĽŅĴŅĶĩŐĭƞĚœħƟȮ2 ĽƞĺĬȮėŊŀȮ&1' ĴňįĸőħĵĨĶĚĔńĭőėĶĚĽĶƟŅĚŀŅėŅĶȮŐĸŃȮ&2' ĴňįĸĨƞŀ
ĽŋĕĳŅıĕŀĚįŌƟĪňŗŀĵŌƞŀŅĻńĵŒĬĔĶĦňĕŀĚŀŅėŅĶĬńŘĬ ŏĝŊŘŀĶŅŏĽƟĬĽŅĵĪňŗŏĔŅŃŀĵŌƞĨŅĴįĬńĚĭƟŅĬŐĸŃŀŅėŅĶěŃ



  3 

ĮĸƞŀĵĽŅĶıŇļȮMycotoxin ŏĕƟŅœĮĪņĮĢŇĔŇĶŇĵŅĔńĭĮŌĬĞňŏĴĬĨƢŐĸŃŀŇģĞŉŗĚŏĮƦĬĽƞĺĬĮĶŃĔŀĭĕŀĚėŀĬĔĶňĨĪňŗ
ŏĶŅŒĝƟŒĬĔŅĶĔƞŀĜŅĭŐĸŃěŃĸŃĸŅĵŏŀŅŏĔĸŊŀőĞŏħňĵĴœĬŏĨĶĪŀŀĔĴŅȮȮľŅĔĮĸƞŀĵŒľƟėĺŅĴĝŊŘĬœĮĩŉĚ
ŐĔĬĔĸŅĚȮŏľĸŖĔĔŖěŃŏĔŇħĽĬŇĴŐĸŃįŋĔĶƞŀĬŀĵƞŅĚĶĺħŏĶŖĺ  ŒĬĔĶĦňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĽŋĕĳŅıĬńŘĬ ŀŅěěŃŏėĵ
œħƟĵŇĬėņĺƞŅȮŴQgaiȮ@sgjbgleȮQwlbpmkcȮ&Q@Q'ŵ  ĞŉŗĚœħƟĶńĭĔŅĶĔĸƞŅĺĩŉĚĔńĬĴŅĔŒĬĨƞŅĚĮĶŃŏĪĻ  ŐĮĸ
ŏĮƦĬĳŅļŅœĪĵėŊŀȮŴŀŅĔŅĶĨŉĔĮƙĺĵŵ  ľĴŅĵĩŉĚŀŅĔŅĻĪňŗœĴƞĭĶŇĽŋĪīŇśĳŅĵŒĬŀŅėŅĶŏĔŇħĕŉŘĬěŅĔŀŅĔŅĻĪňŗ
ĽĔĮĶĔŐĸŃĔŅĶĶŃĭŅĵŀŅĔŅĻĪňŗœĴƞħňıŀȮľŅĔŏĔŇħŏĝŊŘŀĶŅĳŅĵŒĬŀŅėŅĶȮĔŖěŃŏĔŇħĔĸŇŗĬŏľĴŖĬŀńĭȮįŌƟĪňŗŀĵŌƞ
ŀŅĻńĵĔŖěŃŏĶŇŗĴŏĔŇħŀŅĔŅĶįŇħĮĔĨŇĨńŘĚŐĨƞĶŃħńĭŏĸŖĔȮŕȮŏĝƞĬȮľŅĵŒěĨŇħĕńħȮėńĬĨŅĴįŇĺľĬńĚȮœĮěĬĩŉĚĶŃħńĭ
ĶŋĬŐĶĚȮŏĝƞĬȮįŌƟĪňŗĴňĳŅĺŃĳŌĴŇŐıƟŀŅĔŅĻĔŖŀŅěěŃŏĔŇħŀŅĔŅĻľŊħľŀĭȮŏĮƦĬĨƟĬȮŐĨƞŀŅĔŅĶŏľĸƞŅĬňŘœĴƞŒĝƞŏĔŇħĕŉŘĬ
ĜńĭıĸńĬȮŐĨƞěŃėƞŀĵȮŕȮĔƞŀĨńĺĕŉŘĬȮŐĸŃľŅĔėĺŅĴĝŊŘĬœĴƞŏľĴŅŃĽĴŒĬŀŅėŅĶěŃĪņĸŅĵĶŃĭĭľŅĵŒě 
ĔƞŀĴŃŏĶŖĚěĬĪņŒľƟŏĽňĵĝňĺŇĨȮŒĬĚŅĬĽĩŅĮƤĨĵĔĶĶĴįĬńĚŀŅėŅĶŏĮƦĬĽƞĺĬĪňŗĮƚŀĚĔńĬĽĳŅıŐĺħĸƟŀĴĪňŗ
ŏĮĸňŗĵĬŐĮĸĚĪńŘĚŀŋĦľĳŌĴŇȮėĺŅĴĝŊŘĬȮĽĳŅıŀŅĔŅĻȮĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋŒĬĔŅĶĔƞŀĽĶƟŅĚįĬńĚŒľƟŏľĴŅŃĽĴĔńĭ
ĽĳŅıŐĺħĸƟŀĴěŉĚŏĮƦĬĽŇŗĚĽņėńĠŒĬĔŅĶĽĶƟŅĚĽĳŅĺŃĬƞŅĽĭŅĵŒĬĪňŗıńĔŀŅĻńĵŐĸŃėĺĭėŋĴĔŅĶŒĝƟıĸńĚĚŅĬŒĬ
ŀŅėŅĶȮ&Deepcleanexpert, Ĵ,Į,Į,' 

ĝƞĺĚĕŀĚĽĳŅĺŃĽĭŅĵȮ&Comfort Zone'ȮŏĮƦĬĝƞĺĚŀŅĔŅĻľĬŉŗĚ ĞŉŗĚėĬĽƞĺĬĴŅĔĶŌƟĽŉĔıŀŒěȮŐĸŃ
ĵŀĴĶńĭĽĳŅıŀŅĔŅĻĬńŘĬœħƟȮȮőħĵĝƞĺĚĽĳŅıŀŅĔŅĻĪňŗĴňŀŋĦľĳŌĴŇĶŃľĺƞŅĚȮ0/ů06ȮŀĚĻŅŏĞĸŏĞňĵĽȮ&ŒĬŏĕĨ
ĶƟŀĬěŃŏĮƦĬĝƞĺĚȮ02ů1.ȮŀĚĻŅŏĞĸŏĞňĵĽ'ȮŐĸŃĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢĶŃľĺƞŅĚȮ1.ů5.Ȯ% ěŃŏĮƦĬĝƞĺĚĕŀĚ
ĽĳŅĺŃĽĭŅĵ  &ĔŇěĝńĵȮěŇĨĕěĶĺŅĬŇĝ, 03228Ȯ/53-/6/' 

ĮƤěěŋĭńĬĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋŒĬĔŅĶĔƞŀĽĶƟŅĚŀŅėŅĶĪňŗıńĔŀŅĻńĵŒĬĮĶŃŏĪĻœĪĵŒľƟėĺŅĴĽņėńĠĔńĭ
ĔŅĶŒĝƟıĸńĚĚŅĬŏĮƦĬŀĵƞŅĚĴŅĔȮŏıĶŅŃĽŅĴŅĶĩĸħĳŅĶŃėƞŅŒĝƟěƞŅĵŐĸŃĺŅĚŐįĬħƟŅĬĔŅĶŒĝƟıĸńĚĚŅĬŒĬ
ŀĬŅėĨœħƟȮěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸħƟŅĬĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶĪňŗĬŇĵĴĪńŗĺœĮŒĬĪƟŀĚĨĸŅħȮıĭĺƞŅȮėŀĬĔĶňĨ
ĭĸŖŀĔŏĮƦĬĺńĽħŋĪňŗĬŇĵĴĬņĴŅŒĝƟŒĬĔŅĶĔƞŀĽĶƟŅĚįĬńĚȮŏĬŊŗŀĚěŅĔĽŅĴŅĶĩľŅĞŊŘŀœħƟĚƞŅĵŐĸŃĴňĶŅėŅĩŌĔȮ
ėŀĬĔĶňĨĭĸŖŀĔĵńĚĴňĕƟŀħňĨĶĚĪňŗĽŅĴŅĶĩĪŋĭľĶŊŀĨƞŀŏĨŇĴœħƟőħĵœĴƞĴňįĸĔńĭĨńĺőėĶĚĽĶƟŅĚȮ&Yotsawat S, 
0336' 

ĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĴŀĔ,Ȯ36-0311ȮȮœħƟŐĭƞĚ
ėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮ0ȮĮĶŃŏĳĪȮėŊŀȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚȮ&Hollow concrete block 
or hollow concrete masonry unit) ȮŐĸŃȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮ&Hollow 
nonloadbearing concrete masonry unit' 

ĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĴŀĔ, 36-0311ȮŒľƟ
ėĺŅĴľĴŅĵĕŀĚȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮœĺƟħńĚĬňŘȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮ
&Hollow nonloadbearing concrete masonry unit'ȮľĴŅĵĩŉĚȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚŒĝƟĽņľĶńĭ
įĬńĚĪňŗŀŀĔŐĭĭőħĵœĴƞĶńĭĬŘņľĬńĔĭĶĶĪŋĔȮĬŀĔěŅĔĬŘņľĬńĔĨńĺŏŀĚ  ėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔ
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ĨŅĴĴŅĨĶģŅĬĬňŘȮŐĭƞĚĨŅĴėĺŅĴľĬŅŐĬƞĬŏĮƦĬȮ0ȮĮĶŃŏĳĪȮėŊŀȮĮĶŃŏĳĪĪňŗȮ/ȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚ 
œĴƞĶńĭĬŘņľĬńĔĮĶŃŏĳĪėĺĭėŋĴėĺŅĴĝŊŘĬ  ŐĸŃĮĶŃŏĳĪĪňŗȮ0ȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔĮĶŃŏĳĪ 
œĴƞėĺĭėŋĴėĺŅĴĝŊŘĬ  ěŅĔĔŅĶĻŉĔļŅĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮ
ĴŀĔ, 36-0311Ȯ 

 
ĨŅĶŅĚĪňŗȮ/ȮŐĽħĚĕƟŀĔņľĬħĮĶŇĴŅĦėĺŅĴĝŊŘĬȮȮĕŀĚĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴ 

ĔŅĶľħĨńĺĪŅĚĵŅĺ 
&ĶƟŀĵĸŃ' 

ėĺŅĴĝŊŘĬĽŌĚĽŋħĶƟŀĵĸŃĕŀĚĔŅĶħŌħĔĸŊĬĬŘņĪńŘĚľĴħ 
&ŏĜĸňŗĵěŅĔėŀĬĔĶňĨĭĸŖŀĔȮ5 ĔƟŀĬ) 
ėĺŅĴĝŊŘĬĽńĴıńĪīƢĶŅĵĮƖŏĜĸňŗĵȮ&ĶƟŀĵĸŃ' 

ĬƟŀĵĔĺƞŅȮ50 50 - 75 ĴŅĔĔĺƞŅȮ75 
ĬƟŀĵĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ.,.1 35 40 45 
ĴŅĔĔĺƞŅȮ0.03 - 0.045 30 35 40 
ŒĔĔĺƞŅȮ.,.23 25 30 35 
ľĴŅĵŏľĨŋ /' ĪħĽŀĭĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮȮĺŇīňĔŅĶĪħĽŀĭĔŅĶľħŐľƟĚĕŀĚėŀĬĔĶňĨ

ĭĸŖŀĔȮȮ&ŒĬĔĶĦňĪňŗĵńĚœĴƞœħƟĮĶŃĔŅĻĔņľĬħĴŅĨĶģŅĬħńĚĔĸƞŅĺŒľƟŏĮƦĬœĮĨŅĴ 
ASTM C 426) 

2) ŀŅĻńĵĽĩŇĨŇĔŅĶĮĶŃĔŅĻĕŀĚĔĶĴŀŋĨŋĬŇĵĴĺŇĪĵŅȮĽņľĶńĭĽĩŅĬňĪňŗŒĔĸƟŐľĸƞĚįĸŇĨĴŅĔ
ĪňŗĽŋħ 

ĪňŗĴŅ: ŴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĴŀĔ,36-0311*ŵ 
ĶŅĝĔŇěěŅĬŋŏĭĔļŅȮŏĸƞĴĪňŗȮ//5, ĨŀĬĪňŗȮ//7Ȯ&/.ȮĔĶĔġŅėĴȮ0311'Ȯ: 10 

 
ėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔĴňĸńĔļĦŃŏĮƦĬĔƟŀĬėŀĬĔĶňĨĪņěŅĔĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ

ĬŘņȮŐĸŃĺńĽħŋįĽĴĪňŗŏľĴŅŃĽĴĝĬŇħĨƞŅĚȮŕȮěŃĴňĽŅĶŀŊŗĬįĽĴŀĵŌƞħƟĺĵĔŖœħƟ  ĴňĶŌľĶŊŀőıĶĚĕĬŅħŒľĠƞĪŃĸŋ
ĨĸŀħĔƟŀĬ  ĴňėŋĦĽĴĭńĨŇĔŅĶĬņėĺŅĴĶƟŀĬĪňŗĨŗņŐĨƞĵńĚħƟŀĵĔĺƞŅŀŇģĴĺĸŏĭŅȮőħĵėŀĬĔĶňĨĭĸŖŀĔȮĴňėƞŅĔŅĶ
ĬņėĺŅĴĶƟŀĬ 0.436-.,234 ĺńĨĨƢĨƞŀŏĴĨĶ-ȮŏėĸĺŇĬ  ŀŇģĴŀĠĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬȮ1.1-1.2 ĺńĨĨƢĨƞŀ
ŏĴĨĶ-ŏėĸĺŇĬȮŐĸŃȮŀŇģĴĺĸŏĭŅĴňėƞŅĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬȮ0.1-0.2 ĺńĨĨƢĨƞŀŏĴĨĶȮ-ȮŏėĸĺŇĬȮ(ĪħĽŀĭőħĵȮ
ĔĶĴĺŇĪĵŅĻŅĽĨĶƢĭĶŇĔŅĶ'  ėŀĬĔĶňĨĭĸŖŀĔĴňĸńĔļĦŃŏĮƦĬĶŌĔĸĺĚĴňĝƞŀĚŀŅĔŅĻŀĵŌƞĳŅĵŒĬĪņŒľƟŏĔŇħėĺŅĴ
ŏĮƦĬĜĬĺĬŐĨƞŏĬŊŗŀĚěŅĔĽƞĺĬįĽĴĕŀĚėŀĬĔĶňĨĭĸŖŀĔĪňŗĪņĴŅěŅĔĮŌĬĞňŏĴĬĨƢȮľŇĬȮĔĶĺħŐĸŃĬŘņŏĮƦĬĨńĺĬņ
ėĺŅĴĶƟŀĬŐĸŃĪņŒľƟȮėŀĬĔĶňĨĭĸŖŀĔĴňĬŘņľĬńĔėƞŀĬĕƟŅĚĴŅĔȮěŉĚĴňĔŅĶĬņŏĪėőĬőĸĵňĴŅıńĥĬŅĔĶĶĴĺŇīň
ĔŅĶįĸŇĨŏıŊŗŀŒľƟėŀĬĔĶňĨĭĸŖŀĔŏĭŅĸĚĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĨŗņőħĵŒĝƟĺńĽħŋĴĺĸŏĭŅĪňŗĴňĔŅĶĬņėĺŅĴĶƟŀĬ
ĨŗņĪħŐĪĬĺńĽħŋĴĺĸĶĺĴŏħŇĴȮŐĨƞĵńĚĴňĕƟŀŏĽňĵŒĬŏĶŊŗŀĚėĺŅĴŐĕŖĚŐĶĚĪňŗĸħĸĚŐĸŃĔĶĶĴĺŇīňĔŅĶįĸŇĨĴňĶŅėŅĽŌĚȮ
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ħńĚĬńŘĬěŉĚĴňĔŅĶĺŇěńĵŀŇģĭĸŖŀĔĪňŗĴňĬŘņľĬńĔŏĭŅĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĨŗņĴňėƞŅėĺŅĴŐĕŖĚŐĶĚœħƟĴŅĨĶģŅĬ
įĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴľĸŅĵĝŇŘĬĚŅĬĺŇěńĵȮĴňĔŅĶĮĶńĭŏĮĸňŗĵĬĽƞĺĬįĽĴŒĬĔŅĶĕŉŘĬĶŌĮėŀĬĔĶňĨĭĸŖŀĔőħĵ
ŒĝƟĺńĽħŋīĶĶĴĝŅĨŇĪňŗĴňĬŘņľĬńĔŏĭŅĴŅŏĮƦĬĽƞĺĬįĽĴĪħŐĪĬĺńĽħŋŏħŇĴȮŏĝƞĬȮĔŅĔĬŘņĨŅĸȮĲŅĚĕƟŅĺȮĞńĚĕƟŅĺőıħ
ŐĔĸĭȮĕňŘŏĩƟŅȮŐĸŃĴňĔŅĶĻŉĔļŅőħĵĬņŏĽƟĬŒĵěŅĔĺńĽħŋīĶĶĴĝŅĨŇĨƞŅĚŕĪňŗĴňŏĽƟĬŒĵŏĞĸĸŌőĸĽȮŏĝƞĬȮŏĽƟĬŒĵ
įńĔĨĭĝĺŅȮŏĽƟĬŒĵĮŅĸƢĴȮŏĽƟĬŒĵĮƙŅĬĻĶĬŅĶŅĵĦƢȮŏĽƟĬŒĵŏĮĸŊŀĔĴŃıĶƟŅĺĴŅįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔ 
ŏıŊŗŀıńĥĬŅėŋĦĽĴĭńĨŇŒľƟħňĕŉŘĬȮ&ĬŇĨĵƢĶħňȮħŀŏĸƠŅŃ, 03308Ȯ26-40' 

 
ĶŌĮĪňŗȮ1  ĸńĔļĦŃĕŀĚȮŀŇģĴĺĸŏĭŅ  ėŀĬĔĶňĨĭĸŖŀĔȮŐĸŃŀŇģĴŀĠ 
 
ěŅĔĔŅĶĪĭĪĺĬŏŀĔĽŅĶĩŉĚĕńŘĬĨŀĬĺŇīňĔŅĶįĸŇĨėŀĬĔĶňĨĭĸŖŀĔĞŉŗĚœħƟŐĵĔĮĶŃŏħŖĬŐĸŃĽĶŋĮ

ėĺŅĴĽńĴıńĬīƢĕŀĚėŋĦĽĴĭńĨŇĨƞŅĚ ŕȮıĭĺƞŅĮƤĠľŅĪňŗŏĔŇħĕŉŘĬĨŅĴĴŅĕŀĚėŀĬĔĶňĨĭĸŖŀĔĪňŗįĽĴŏĽƟĬŒĵ
ŏĞĸĸŌőĸĽĔŖėŊŀĔŅĶħŌħĞŉĴĬŘņĴŅĔĕŀĚŏĽƟĬŒĵŏĞĸĸŌőĸĽĪņŒľƟĺńĽħŋĴňėĺŅĴĝŊŘĬȮ&/, 2, 3'ȮőħĵĬŘņěŃĩŌĔħŌħĞŉĴ
ŏĕƟŅœĮŀĵŌƞŒĬĨńĺėŀĬĔĶňĨĭĸŖŀĔŐĸŃĲŀĚŀŅĔŅĻĪňŗŀĵŌƞĳŅĵŒĬĭĸŖŀĔĪņŒľƟŏĔŇħėĺŅĴĝŊŘĬĽŃĽĴŒĬĺńĽħŋ 
ěŅĔĔŅĶĪħĽŀĭĔŅĶħŌħĞŉĴȮėĺŅĴĝŊŘĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔĴňŀńĨĶŅĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬŏĜĸňŗĵĪňŗȮ/5-/7 
ŏĮŀĶŏĞŖĬĨƢȮŐĸŃįĸěŅĔľƟŀĚĪħĸŀĚıĭĺƞŅĩƟŅėŀĬĔĶňĨĭĸŖŀĔħŌħĞŉĴėĺŅĴĝŊŘĬĴŅĔĔĺƞŅȮ0.%ȮěŃĪņŒľƟ
ėĺŅĴĶƟŀĬįƞŅĬįĬńĚŏĮƦĬȮ0ȮŏĪƞŅŏĬŊŗŀĚěŅĔėĺŅĴĝŊŘĬĪŋĔ ŕȮ3%ȮěŃĽƞĚįĸŒľƟėĺŅĴŏĮƦĬĜĬĺĬĸħĸĚȮ03% 
&NOAA national weather service: heat index'  ĞŉŗĚėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňėĺŅĴŏĮƦĬĜĬĺĬėĺŅĴĶƟŀĬ
ĪňŗħňěŃĨƟŀĚĴňŀńĨĶŅħŌħĞŉĴėĺŅĴĝŊŘĬĨŗņŏĴŊŗŀėĺŅĴĶƟŀĬįƞŅĬŏĕƟŅĺńĽħŋĬńŘĬěŃĽŌĠŏĽňĵıĸńĚĚŅĬŐĸŃŀŋĦľĳŌĴŇěŃ
ĸħĸĚŏĔŇħĽĳŅĺŃĬƞŅĽĭŅĵŒĬŀŅėŅĶȮ&ĽĴĝŅĵȮĴĦňĺĶĶĦ, ĽŋĶŇĵĚėƢȮĮĶŃĝŅŏĕňĵĺȮŐĸŃėĦŃ, 033.' 

ěŅĔĪķļġňĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬĔŅĶŐıĶƞįƞŅĬĕŀĚœŀĬŘņĪňŗįƞŅĬĺńĽħŋěŃŐıĶƞěŅĔĭĶŇŏĺĦĪňŗĴňėĺŅĴ
ħńĬœŀĬŘņĽŌĚœĮĵńĚĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņĨŗņĔĺƞŅȮĬŀĔěŅĔĬňŘĔŅĶŐıĶƞĵńĚĴňĪŇĻĪŅĚěŅĔĭĶŇŏĺĦĪňŗĴň
ŀŋĦľĳŌĴŇĽŌĚœĮĵńĚĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĨŗņĔĺƞŅŀňĔħƟĺĵȮěŅĔĪķļġňĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬıĭĺƞŅĔŅĶĪňŗěŃ
ĮƚŀĚĔńĬœĴƞŒľƟėĺŅĴĝŊŘĬŏĕƟŅœĮŒĬĺńĽħŋėŊŀĔŅĶĪňŗĨƟŀĚĪņŒľƟėĺŅĴħńĬœŀĬŘņĳŅĵŒĬĺńĽħŋĽŌĚĔĺƞŅėĺŅĴħńĬœŀĬŘņ
ĳŅĵĬŀĔľĶŊŀĪņŒľƟŀŋĦľĳŌĴŇĳŅĵŒĬĺńĽħŋĽŌĚĔĺƞŅŀŋĦľĳŌĴŇĳŅĵĬŀĔŏıŊŗŀĮƚŀĚĔńĬĔŅĶŐıĶƞĕŀĚėĺŅĴĝŊŘĬŏĕƟŅ
œĮŒĬĺńĽħŋŐĸŃĸħĶŌıĶŋĬĳŅĵŒĬĕŀĚĺńĽħŋŏıŊŗŀĸħȮCapillary  SuctionȮĕŀĚĬŘņĪňŗěŃŏĕƟŅœĮŒĬŏĬŊŘŀĺńĽħŋħƟĺĵ 
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ĮƤěěŋĭńĬœħƟĴňŐĬĺėŇħĔŅĶıńĥĬŅĺńĽħŋĮĶŃĔŀĭŀŅėŅĶĪňŗĝƞĺĵĸħĔŅĶŒĝƟıĸńĚĚŅĬŒĬŀŅėŅĶěŅĔ
ėĺŅĴĶƟŀĬĪňŗĴňįĸĨƞŀŀŅėŅĶőħĵĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ)ȮŏĬŊŗŀĚěŅĔŏĮƦĬĺńĽħŋĽŃĽĴ
ıĸńĚĚŅĬľĶŊŀĺńĽħŋĽŃĽĴŀŋĦľŌĳŌĴŇȮ&Thermal Energy Storage Material: TES) ėŊŀ ĺńĽħŋĪňŗĴňėĺŅĴ 
ĽŅĴŅĶĩŒĬĔŅĶŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬ  ĞŉŗĚěŃĪņŒľƟŀŋĦľĳŌĴŇŒĬĺńĽħŋĽŌĚĕŉŘĬĴňėĺŅľĬŅŐĬƞĬŒĬŏĬŊŘŀĺńĽħŋ
ŏıŇŗĴĕŉŘĬȮőħĵĴňĔŅĶĪņĚŅĬȮ1ȮĕńŘĬĨŀĬľĸńĔėŊŀȮĔŅĶŏĔŖĭıĸńĚĚŅĬȮ&charging) ĔŅĶĽŃĽĴıĸńĚĚŅĬȮ&storing) 
ŐĸŃĔŅĶĮĸƞŀĵıĸńĚĚŅĬȮ&Discharging) őħĵĕńŘĬĨŀĬĪńŘĚľĴħĽŅĴŅĶĩŏĔŇħĕŉŘĬŐĭĭĞŘņ ŕ ľĸŅĵ ŕȮĶŀĭ
ĨŅĴŐĨƞĸńĔļĦŃĔŅĶĬņȮTES œĮĮĶŃĵŋĔĨƢŒĝƟ  ĶŌĮŐĭĭĕŀĚȮTES ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵĪňŗĽĬŒěȮėŊŀȮĔŅĶ
ĽŃĽĴėĺŅĴĶƟŀĬŐİĚȮ&Latent Thermal storage)  őħĵĪńŗĺœĮŏĴŊŗŀĺńĽħŋĶńĭıĸńĚĚŅĬěĬĩŉĚěŋħĪňŗŏĮĸňŗĵĬ
ĽĩŅĬŃȮŏĝƞĬȮěŅĔĕŀĚŐĕŖĚľĸŀĴŏľĸĺœĮĽŌƞĕŀĚŏľĸĺȮŒĬĝƞĺĚĪňŗŏĔŇħĔŅĶľĸŀĴŏľĸĺȮ&Phase change) 
ĺńĽħŋĬńŘĬ ŕȮěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬŐĸŃėĺŅĴŏĵŖĬŒĬĮĶŇĴŅĦĴŅĔĔĺƞŅĔŅĶŏĔŖĭ
ıĸńĚĚŅĬŒĬĝƞĺĚĪňŗœĴƞĴňĔŅĶŏĮĸňŗĵĬĽĩŅĬŃľĸŅĵŏĪƞŅȮőħĵŀŋĦľĳŌĴŇŒĬĕĦŃĪňŗŏĔŇħĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĬńŘĬ
ŏĶňĵĔĺƞŅȮŴŀŋĦľĳŌĴŇŒĬĔŅĶŏĮĸňŗĵĬĽĩŅĬŃŵȮ&Phase-change temperature) őħĵĪňŗŀŋĦľĳŌĴŇĬňŘěŃœĴƞ
ŏĮĸňŗĵĬŐĮĸĚĴŅĔȮĞŉŗĚŐĨĔĨƞŅĚěŅĔĔŅĶŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬőħĵœĴƞĴňĔŅĶŏĮĸňŗĵĬĽĩŅĬŃȮ&Sensible 
thermal storage)  (ĶŌĮĪňŗȮ2'ȮĽŅĴŅĶĩŏĶňĵĔĺńĽħŋĪňŗĽŃĽĴıĸńĚĚŅĬőħĵĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĺƞŅȮŴĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃŵȮ&Phase change material: ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ)  (Harald Mehling ŐĸŃȮLuisa F. 
Cabeza, 2008) ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮĴňėŋĦĽĴĭńĨŇĪňŗŐĨĔĨƞŅĚĔńĬĨŅĴŐĨƞĝĬŇħĕŀĚĺńĽħŋȮ&ĶŌĮĪňŗȮ3' 
ŒĬĮƤěěŋĭńĬĴňœħƟĴňĔŅĶĬņėŋĦĽĴĭńĨŇŒĬĔŅĶĽŃĽĴıĸńĚĚŅĬĕŀĚȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬ
ĽĩŅĮƤĨĵĔĶĶĴľĸŅĵĶŌĮŐĭĭŏıŊŗŀėĺĭėŋĴŀŋĦľĳŌĴŇĺńĽħŋŒľƟŒĔĸƟŏėňĵĚŀŋĦľĳŌĴŇĕŀĚĶƞŅĚĔŅĵĴĬŋļĵƢȮŏĝƞĬ ĺńĽħŋ
ĔƞŀĽĶƟŅĚȮĽŇŗĚĪŀȮŐĸŃŏĲŀĶƢĬŇŏěŀĶƢĨƞŅĚ 

 
ĶŌĮĪňŗȮ2  ŐįĬĳŌĴŇŐĽħĚėĺŅĴŐĨĔĨƞŅĚĕŀĚȮSensible TES ĔńĭȮLatent TES 
ĪňŗĴŅ8Ȯ(Harald Mehling ŐĸŃȮLuisa F. Cabeza, 2008)  
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ĶŌĮĪňŗȮ3  ŐįĬĳŌĴŇŐĽħĚŀŋĦľĳŌĴŇŒĬĔŅĶŏĮĸňŗĵĬĽĩŅĬŃŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĔŖĭıĸńĚĚŅĬ

ĕŀĚĺńĽħŋŐĨƞĸŃĝĬŇħ 
ĪňŗĴŅ8Ȯ&Harald Mehling ŐĸŃȮLuisa F. Cabeza, 0..6' 
 
ŒĬĔŅĶĻŉĔļŅĚŅĬĺŇěńĵĪňŗŒĝƟėŋĦĽĴĭńĨŇĔŅĶĽŃĽĴıĸńĚĚŅĬľĶŊŀĽŃĽĴŀŋĦľĳŌĴŇ  ĮĶŃŏĳĪĺńĽħŋ

ŏĮĸňŗĵĬĽĩŅĬŃěŃĬņĴŅŒĝƟįĽĴŏĮƦĬĽƞĺĬĮĶŃĔŀĭĕŀĚĺńĽħŋŀŅėŅĶŏĮƦĬĽƞĺĬĴŅĔȮŐĸŃĴňĶŌĮŐĭĭĔŅĶ
ĬņœĮŒĝƟŏĮƦĬȮ0ȮŐĬĺĪŅĚȮėŊŀŐĬĺĪŅĚĪňŗȮ/ȮěŃĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ)ȮĴŅįĽĴŒĬĺńĽħŋ
ĔƞŀĽĶƟŅĚŀŅėŅĶŒĬĶŌĮŐĭĭŒĬĸńĔļĦŃĭĶĶěŋŒĬȮMicrocapsuleȮěŅĔĚŅĬĺŇěńĵĕŀĚȮSchossing  œħƟĴňĔŅĶ
ĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮĴŅįĽĴŒĬĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶœħƟŒĬĶŌĮŐĭĭŒĬĸńĔļĦŃĭĶĶěŋŒĬȮMicrocapsuleȮ
ŐĬĺĪŅĚĪňŗȮ0ȮėŊŀĔŅĶŒĝƟŒĬĶŌĮŐĭĭĪňŗįĽĴŏĕƟŅœĮŏĬŊŘŀĺńĽħŋőħĵĨĶĚŏĝƞĬĚŅĬĺŇěńĵĕŀĚȮD. Snoeck ŐĸŃėĦŃ 
(D. Snoeck, B. Priem ŐĸŃėĦŃ, 2016: 225-239)ȮȮœħƟĻŉĔļŅĪħĸŀĚĕŀĚĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ
įĽĴŒĬėŀĬĔĶňĨĞňŏĴĬĨƢıŀĶƢĨŐĸĬħƢőħĵĨĶĚȮĞŉŗĚĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬ
ĕŀĚėŀĬĔĶňĨŏıŊŗŀŏĮƦĬĺńĽħŋőėĶĚĽĶƟŅĚȮıĭĺƞŅȮĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚėŀĬĔĶňĨěŃĸħĸĚŐĸŃėŋĦĽĴĭńĨŇ
ėĺŅĴŏĮƦĬĜĬĺĬĕŀĚėŀĬĔĶňĨěŃħňĕŉŘĬŒľƟėŀĬĔĶňĨĽŌĠŏĽňĵėĺŅĴŐĕŖĚŐĶĚŒĬĝƞĺĚĪňŗĵŀĴĶńĭœħƟȮĞŉŗĚįĸĪňŗœħƟĴň
ėĺŅĴĨƞŅĚĔńĬħƟŅĬėŋĦĽĴĭńĨŇĪŅĚĔĸĺńĽħŋȮĞŉŗĚĴňĚŅĬĺŇěńĵĕŀĚȮAhmed HassanȮŐĸŃėĦŃȮ&Ahmed 
Hassan, Mohammad Shakeel Laghari ŐĸŃėĦŃ, 0./48Ȯ/.24-/.56'ȮıĭĺƞŅȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ
ĴňĻńĔĵĳŅıŒĬĔŅĶĽĶƟŅĚĮĶŃĽŇĪīŇĳŅıħƟŅĬĔŅĶĽŃĽĴėĺŅĴĶƟŀĬŐİĚŒĬĺńĽħŋȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĶĺĴĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃőħĵĨĶĚŏĕƟŅĔńĭŀĚėƢĮĶŃĔŀĭĔŅĶĔƞŀĽĶƟŅĚěŃĪņĸŅĵĮĶŃĽŇĪīŇĳŅıŏĝŇĚőėĶĚĽĶƟŅĚȮĔŅĶŒĝƟȮ
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Microencapsulation ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŒĬĺńĽħŋĔƞŀĽĶƟŅĚĝƞĺĵŐĔƟĮƤĠľŅėŋĦĽĴĭńĨŇŏĝŇĚĔĸȮĔŅĶĭƞĴĨńĺ
ŐĸŃĮƤĠľŅĔŅĶĶńŗĺœľĸĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗħňĪňŗĽŋħ 

ŒĬľĸŅĵĮĪňŗįƞŅĬĴŅœħƟĴňĔŅĶĻŉĔļŅĩŉĚĔŅĶŒĝĽŅĶŏĮĸňŗĵĬĽĩŅĬŃȮ&phase change material)
ľĸŅĵĝĬŇħŏıŊŗŀŏĮƦĬĽĺĬĮĶŃĔŀĭĕŀĚĺńĽħŋŀŅėŅĶȮĴňĪńŘĚĮĶŃŏĳĪȮinorganic compound (ŏĝĬȮsalt-
hydrate) ľĶŊŀȮĮĶŃŏĳĪȮorganic compound (ŏĝĬȮparaffin waxes ŐĸŃȮfatty acid) ȮĞŉŗĚĩŌĔĶŃĭŋ
ĺƞŅĴňėĺŅĴŏľĴŅŃĽĴĴŅĔĔĺŅŏĬŊŗŀĚěŅĔȮsalt-hydrate ŀŅěĴňĔŅĶŐĵĔĨńĺĕŀĚŏĔĸŊŀľĸńĚěŅĔĺńĢěńĔĶĔŅĶ
ŏĮĸňŗĵĬĽĩŅĬŃœĮĶŃĵŃŏĺĸŅľĬŉŗĚȮŒĬĪŅĚĨĶĚĕƟŅĴȮparaffin ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮœħƟĩŌĔĬŜŅĴŅıŇěŅĶĦŅ
ŐĸŃŒĝƟŒĬĚŅĬĺŇěńĵŀĵƞŅĚĔĺƟŅĚĕĺŅĚȮŏĬŊŗŀĚěŅĔĴňŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃŒĬĝƞĺĚŒĔĸƟŏėňĵĚĔńĭŀŋĦľĳŌĴŇ
ĕŀĚĶƞŅĚĔŅĵĴĬŋļĵƢȮŀňĔĪńŘĚȮparaffinȮĴňěŋħľĸŀĴŏľĸĺĪňŗȮ50ů70 °C ŏĮƦĬĽŅĶŒĬĔĸŋĴĽŅĶĮĶŃĔŀĭ
œŁőħĶėŅĶƢĭŀĬŀŇŗĴĨńĺȮ&alkane hydrocarbon'ȮĞŉŗĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĕŉŘĬŀĵŌƞĔńĭėĺŅĴĵŅĺĕŀĚȮ
carbon chain ŒĬőĴŏĸĔŋĸȮħńĚĬńŘĬěŉĚĴňėŋĦĽĴĭńĨŇŒĬĔŅĶėĺĭėŋĴŒľŀŋĦľĳŌĴŇĴňĔŅĶŏĮĸňŗĵĬĽĩŅĬŃ 
ĪňŗľĸŅĔľĸŅĵŏıŊŗŀŒľŏľĴŅŃĽĴĔńĭĔŅĶŒĝĚŅĬŒĬŐĨƞĸŃĮĶŃŏĳĪœħƟȮŐĨƞŏĬŊŗŀĚěŅĔȮparaffinȮŏĮƦĬįĸįĸŇĨ
ěŅĔŀŋĨĽŅľĔĶĶĴĮőĨĶŏėĴňŏĮƦĬĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗœħƟĴŅěŅĔĔŅĔĽƞĺĬĪňŗŏľĸŊŀěŅĔĔĶŃĭĺĬĔŅĶ 
ĔĸńŗĬĬŘņĴńĬħŇĭĴňĔŅĶĮĸħĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĽŌĚȮĞŉŗĚĴňįĸĨƞŀĽĳŅıŐĺħĸƟŀĴŒĬ
ŀĬŅėĨœħƟȮ&ĻŌĬĵƢĕƞŅĺıĸńĚĚŅĬ, 0342' 

ĚŅĬĺŇěńĵĬňŘœħƟĽĬŒěĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ&PCM'ȮĪňŗœħƟěŅĔīĶĶĴĝŅĨŇœĴƞĴňįĸĔĶŃĪĭĨƞŀĽŇŗĚŐĺħĸƟŀĴ
ėŊŀȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗįĸŇĨěŅĔĮŅĸƢĴĬŘņĴńĬȮ&Palm wax'ȮĴňěŋħľĸŀĴŏľĸĺŀĵŌƞĪňŗȮ70-80 °CȮŏĮƦĬȮĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃȮĪňŗœħƟěŅĔıŊĝ (Vegetables Wax) ĽƞĺĬŒľĠƞŏĮƦĬįĸıĸŀĵœħƟěŅĔĔŅĶįĸŇĨĬŘņĴńĬĮŅĸƢĴȮ
ŐĨƞŏĬŊŗŀĚěŅĔŀŋĦľĳŌĴŇěŋħľĸŀĴŏľĸĺĪňŗėƞŀĬĕƟŅĚĽŌĚŀŅěěŃœĴƞŏĮĸňŗĵĬĽĩŅĬŃŒĬĝƞĺĚŀŋĦľĳŌĴŇŀŅĔŅĻŒĬ
ĮĶŃŏĪĻœĪĵĕĦŃĬņœĮŒĝƟĚŅĬȮĞŉŗĚěŅĔĪķļġňĺńĽħŋŏĔŖĭėĺŅĴĶƟŀĬŐİĚȮ&Latent heat storage 
materials'ȮľĶŊŀŏĶňĵĔĺƞŅȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&Phase change material, PCM) ėŊŀȮĶŃĭĭŏĔŖĭėĺŅĴ
ĶƟŀĬĪňŗŒĝƟĽŅĶŏĮĸňŗĵĬĽĩŅĬŃěŅĔĕŀĚŐĕŖĚŏĮƦĬĕŀĚŏľĸĺȮŏĮƦĬĶŃĭĭĪňŗĴňĮĶŃĽŇĪīŇĳŅıħňĔĺƞŅĶŃĭĭŏĔŖĭ
ĽŃĽĴėĺŅĴĶƟŀĬĽńĴįńĽȮĕƟŀħňĕŀĚĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮėŊŀ ėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇĬƟŀĵŒĬĝƞĺĚ
ĔŅĶĭĶĶěŋŐĸŃĩƞŅĵŏĪėĺŅĴĶƟŀĬŐĸŃėĺŅĴěŋėĺŅĴĶƟŀĬĽŌĚĔĺƞŅĺńĽħŋŏĔŖĭėĺŅĴĶƟŀĬĽńĴįńĽŐĨƞĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃĽƞĺĬŒľĠƞĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĨŗņĪņŒľƟŀńĨĶŅĔŅĶĭĶĶěŋŐĸŃĮĸƞŀĵėĺŅĴĶƟŀĬĨŗņȮ&ĽĴĝŅĵȮŏěňĵ
ěŇĨĨƢĽĺńĽħŇś, 0336'ȮĔŅĶĪňŗěŃĽŅĴŅĶĩĸħěŋħľĸŀĴŏľĸĺĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃœħƟĬńŘĬĨƟŀĚĴňĔŅĶįĽĴĽŅĶ
ŀŊŗĬ ŕȮĸĚœĮŏĶňĵĔĺƞŅĽŅĶĵŌŏĪĨŇĔȮ&Eutectic'ȮŏĝƞĬȮĽŅĶĪňŗĴňěŋħľĸŀĴŏľĸĺĬƟŀĵĔĺƞŅľĶŊŀĽŅĶĪňŗĽŅĴŅĶĩĬņ
ėĺŅĴĶƟŀĬœħƟȮıĭĺƞŅȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮĪňŗœħƟěŅĔœĕĩńŗĺŏľĸŊŀĚȮ&Soybean wax'ȮĴňěŋħľĸŀĴŏľĸĺŀĵŌƞĪňŗȮ
3.-4. °CȮĽŅĴŅĶĩĬņĴŅįĽĴĔńĭȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮěŅĔĮŅĸƢĴĬŘņĴńĬœħƟŏıŊŗŀĸħěŋħľĸŀĴŏľĸĺ 
ŒľƟŏľĴŅŃĽĴĔńĭĝƞĺĚŀŋĦľĳŌĴŇĪňŗŒĝƟĚŅĬŒĬĳŌĴŇŀŅĔŅĻĕŀĚĮĶŃŏĪĻœĪĵœħƟȮ 
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ĚŅĬĺŇěńĵĬňŘĴŋƞĚŏĬƟĬĻŉĔļŅĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔįĽĴĺńĽħŋīĶĶĴĝŅĨŇħƟĺĵĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃěŅĔœĕĮŅĸƢĴĬŘņĴńĬŐĸŃœĕĩńŗĺŏľĸŊŀĚȮŏıŊŗŀĸħĔŅĶĬņėĺŅĴĶƟŀĬŏĕƟŅĽŌƞŀŅėŅĶ  ıĭĺƞŅĔŅĶěŃĮƚŀĚĔńĬ
œĴƞŒľƟėĺŅĴĝŊŘĬŏĕƟŅœĮŒĬĺńĽħŋėŊŀĔŅĶĪņŒľƟėĺŅĴħńĬœŀĬŘņĳŅĵŒĬĺńĽħŋĽŌĚĔĺƞŅėĺŅĴħńĬœŀĬŘņĳŅĵĬŀĔľĶŊŀ
ĪņŒľƟŀŋĦľĳŌĴŇĳŅĵŒĬĺńĽħŋĽŌĚĔĺƞŅŀŋĦľĳŌĴŇĳŅĵĬŀĔŏıŊŗŀĮƚŀĚĔńĬĔŅĶŐıĶƞĕŀĚėĺŅĴĝŊŘĬŏĕƟŅœĮŒĬĺńĽħŋŐĸŃ
ĸħĶŌıĶŋĬĳŅĵŒĬĕŀĚĺńĽħŋŏıŊŗŀĸħȮCapillary  SuctionȮĕŀĚĬŘņĪňŗěŃŏĕƟŅœĮŒĬŏĬŊŘŀĺńĽħŋ  ĬŀĔěŅĔĬňŘįŌƟĺŇěńĵ
ŒĝƟĺŇīňĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĮĶŃŏĳĪȮparaffinȮŏĮƦĬĺŇīňĔŅĶĪňŗĬņĴŅŒĝƟŒĬĔŅĶĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĔĶŃĭĺĬĔŅĶĸħĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬȮŏĬŊŗŀĚěŅĔĴňĽŅĴŅĶĩŒĬĔŅĶĽŃĽĴıĸńĚĚŅĬľĶŊŀĽŃĽĴŀŋĦľŌĳŌĴŇȮ
&Thermal Energy Storage Material : TES'ȮőħĵĔŅĶĪņŒľƟŀŋĦľĳŌĴŇŒĬĺńĽħŋĽŌĚĕŉŘĬĴňėĺŅĴľĬŅŐĬƞĬŒĬ
ŏĬŊŘŀĺńĽħŋŏıŇŗĴĕŉŘĬȮĽƞĚįĸĨƞŀėĺŅĴĝŊŘĬĪňŗěŃŏĕƟŅĴŅŒĬŏĬŊŘŀĺńĽħŋŐĸŃĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĸħĔŅĶŒĝƟıĸńĚĚŅĬŒĬ
ŀŅėŅĶȮŐĨƞĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĮĶŃŏĳĪȮParaffinȮĬńŘĬŏĮƦĬįĸįĸŇĨěŅĔŀŋĨĽŅľĔĶĶĴĮőĨĶŏėĴňȮěŉĚĽƞĚįĸ
őħĵĨĶĚĨƞŀĽĳŅĺŃőĸĔĶƟŀĬȮŏıĶŅŃĴňĔŅĶĮĸħĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĽŌĚ  ħńĚĬńŘĬ
įŌƟĺŇěńĵěŉĚœħƟĪņĔŅĶĻŉĔļŅĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗœħƟěŅĔıŊĝ (Vegetables Wax) ĴŅŏĮƦĬĽŅĶĪħŐĪĬ
Paraffin ŏıŊŗŀŒľƟŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴœĴƞŏĮƦĬŀńĬĨĶŅĵĨƞŀįŌƟŒĝƟĚŅĬŏıŊŗŀıńĥĬŅĽŌƞįĸŇĨĳńĦĤƢĔƞŀĽĶƟŅĚ 
ĽňŏĕňĵĺȮ&Green Buildings Materials'  őħĵĴňĽĴĴĨŇģŅĬĺƞŅȮĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĮŅĸƢĴĬŘņĴńĬ
ŐĸŃœĕĩńŗĺŏľĸŊŀĚĴŅŏĮƦĬĺńĽħŋĪňŗŒĝƟŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇĔƞŀĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔőħĵĺŇīňȮ
Encapsulation method ěŃĽŅĴŅĶĩĸħėĺŅĴŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňĽƞĺĬįĽĴĕŀĚĺńĽħŋīĶĶĴĝŅĨŇœħƟȮ
őħĵĴňŏĔĦĤƢıŇěŅĶĦŅĔŅĶŏĸŊŀĔĺńĽħŋīĶĶĴĝŅĨŇĪňŗěŃĬņĴŅŒĝƟŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔėŊŀĺńĽħŋ
īĶĶĴĝŅĨŇĪňŗœħƟĴŅĨƟŀĚĴŅěŅĔŐľĸƞĚīĶĶĴĝŅĨŇȮĴňėĺŅĴĪĬĪŅĬȮĨƟĬĪŋĬŒĬĔŅĶĕĬĽƞĚŐĸŃĔŅĶěńħĔŅĶĨŗņȮ
ĽŅĴŅĶĩĸħĮĶŇĴŅĦĕŀĚŏĽňĵĪňŗŏľĸŊŀĪŇŘĚŒľƟŏĔŇħĮĶŃőĵĝĬƢȮĴňĔŅĶěńħĔŅĶĪňŗĮĶŅĻěŅĔĕńŘĬĨŀĬŏĔňŗĵĺĔńĭ
ĽŅĶŏėĴňȮĴňĮĶŇĴŅĦĴŅĔŏıňĵĚıŀľŅœħƟĨĸŀħĪńŘĚĮƖȮĴňėŋĦĽĴĭńĨŇħƟŅĬıĸńĚĚŅĬȮěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸıĭĺƞŅ
ĺńĽħŋīĶĶĴĝŅĨŇȮ0ȮĝĬŇħȮėŊŀȮŐĔĸĭȮŐĸŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲȮȮĴňėŋĦĽĴĭńĨŇŏĕƟŅĔńĭŏĔĦĤƢĪňŗĨńŘĚœĺƟȮěŉĚĬņĺńĽħŋ
īĶĶĴĝŅĨŇĪńŘĚȮ0ȮĝĬŇħĴŅĻŉĔļŅŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇŒĬħƟŅĬŀĚėƢĮĶŃĔŀĭŐĸŃėŋĦĽĴĭńĨŇĔŅĶħŌħĞŉĴ
ėĺŅĴĝŊŘĬȮĔƞŀĬėńħŏĸŊŀĔĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬĔŅĶįĸŇĨėŀĬĔĶňĨĭĸŖŀĔĪňŗĽŅĴŅĶĩĸħėĺŅĴĝŊŘĬŏıŊŗŀŒľƟ 
ėƞŅĔŅĶĬņėĺŅĴĶƟŀĬŏĕƟŅĽŌƞŀŅėŅĶĸħĸĚȮŐĸŃœĴƞŏĮƦĬŀńĬĨĶŅĵĨƞŀĽŋĕĳŅıįŌƟŒĝƟĚŅĬȮŐĸŃŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶ
ŏĸŊŀĔŒĝƟĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶĪňŗĝƞĺĵĸħĔŅĶŒĝƟıĸńĚĚŅĬŒĬŀŅėŅĶŀĵƞŅĚĵńŗĚĵŊĬĨƞŀœĮŒĬŀĬŅėĨ 
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ĺńĨĩŋĮĶŃĽĚėƢ 
1. ŏıŊŗŀĻŉĔļŅľŅĺŇīňĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĪņěŅĔĺńĽħŋīĶĶĴĝŅĨŇŏıŊŗŀĸħĔŅĶĬņ

ėĺŅĴĶƟŀĬŏĕƟŅĽŌƞĨńĺŀŅėŅĶ 
2. ĻŉĔļŅėĺŅĴĽńĴıńĬīƢĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗĽƞĚįĸĨƞŀȮMoisture Content ŒĬėŀĬĔĶňĨ

ĭĸŖŀĔ 
3. ĻŉĔļŅėĺŅĴĽńĴıńĬīƢėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıȮĪŅĚĔĸȮĔŅĶĬņėĺŅĴĶƟŀĬȮĔŅĶħŌħĞńĭėĺŅĴĝŊŘĬ

ĕŀĚĺńĽħŋŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-
2531)ȮėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮĨŅĴĴŅĨĶģŅĬȮASTM C518 

4. ĻŉĔļŅėĺŅĴĽńĴıńĬīƢĕŀĚĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇȮŐĸŃĔŅĶĕŉŘĬĶŌĮĪňŗħňĽƞĚįĸĪņŒľƟȮ
Moisture Content ŒĬėŀĬĔĶňĨĭĸŖŀĔĨŗņȮ 
 

ĕŀĭŏĕĨĔŅĶĻŉĔļŅ 
1. ėŀĬĔĶňĨĭĸŖŀĔĪňŗĪņĔŅĶĻŉĔļŅėŊŀĝĬŇħœĴƞĶńĭĬŘņľĬńĔȮ&Hollow non-load-bearing 

concrete mansory unit'ȮĕĬŅħȮ5. x /7. x 17.ȮĴĴ,ȮĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮ&ĴŀĔ,36-
0311' 

2. ĻŉĔļŅėŋĦĽĴĭńĨŇėŀĬĔĶňĨĭĸŖŀĔĪňŗœħƟěŅĔĚŅĬĺŇěńĵŏĮĶňĵĭŏĪňĵĭĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴ
ėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531)ȮėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮĨŅĴĴŅĨĶģŅĬȮASTM 
C518Ȯ 

3. ĻŉĔļŅėŋĦĽĴĭńĨŇėŀĬĔĶňĨĭĸŖŀĔĪňŗœħƟěŅĔĚŅĬĺŇěńĵŏĮĶňĵĭŏĪňĵĭĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬŐĸŃ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŏĮĶňĵĭŏĪňĵĭėŀĬĔĶňĨĭĸŖŀĔĝĬŇħŀŊŗĬŕĪňŗěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħȮ0Ȯ
ĝĬŇħ 

 

ĕńŘĬĨŀĬĔŅĶĻŉĔļŅȮ 
1. ĝƞĺĚĻŉĔļŅĕƟŀĴŌĸȮĪĭĪĺĬĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ 

1.1 ĻŉĔļŅĺŇīňĔŅĶĪňŗėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭŀŅėŅĶĪňŗĽƞĚįĸĪņŒľƟŏĔŇħėĺŅĴĝŊŘĬĽŃĽĴ 
ŒĬĺńĽħŋĮĶŃĔŀĭŀŅėŅĶŐĸŃįĸĔĶŃĪĭĪňŗŏĔŇħĕŉŘĬȮ 

1.2 ĻŉĔļŅĔĶŃĭĺĬĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĶŌĮŐĭĭĨƞŅĚ ŕ 
1.3 ĻŉĔļŅėŋĦĽĴĭńĨŇĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏľĴŅŃĽĴĽņľĶńĭŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔ 
1.4 ĻŉĔļŅĝĬŇħĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŐĸŃĺŇīňĔŅĶĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĬņĴŅŒĝƟŒĬħƟŅĬ

ĽŃĽĴıĸńĚĚŅĬŏıŊŗŀĔŅĶĮƚŀĚĔńĬėĺŅĴĝŊŘĬŒĬĺńĽħŋ 
1.5 ĻŉĔļŅĺŇīňĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĺńĽħŋīĶĶĴĝŅĨŇĪňŗěŃĽƞĚįĸŒľƟȮ

Moisture Content ŒĬŏĬŊŘŀĺńĽħŋĪňŗěŃĬņĴŅŏĮƦĬĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶĸħĸĚ  
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2. ĝƞĺĚŏĨĶňĵĴĺńĨĩŋħŇĭ 
2.1 ŏĨĶňĵĴĺńĨĩŋħŇĭőħĵĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇȮ0ȮĝĬŇħȮėŊŀŐĔĸĭȮŐĸŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲȮ

ĴŅįƞŅĬĔĶŃĭĺĬĔŅĶŏėĸŊŀĭįŇĺĺńĽħŋīĶĶĴĝŅĨŇőħĵĺŇīňȮCoating Mixing 
2.2 ĔņľĬħĽŌĨĶŏıŊŗŀĪņĔŅĶŏėĸŊŀĭȮ&Coating'ȮĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚȮ4ȮĽŌĨĶħƟĺĵĺńĽħŋĬŘņ

ĵŅĚıŅĶŅŀňĔĝńŘĬŏıŊŗŀĽĶƟŅĚėĺŅĴĨŉĚįŇĺŏėĸŊŀĭįŇĺĺńĽħŋīĶĶĴĝŅĨŇ 
2.3 ĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĮĶńĭĽĳŅıĨŅĴŀńĨĶŅĽƞĺĬĽŌĨĶĨƞŅĚŕĴŅĪħĽŀĭĔŅĶħŌħĞŉĴĬŘņŏıŊŗŀ

ľŅĺƞŅĽŌĨĶŒħħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮĝƟŅĪňŗĽŋħŐĸŃėŅĵĬŘņŏĶŖĺĪňŗĽŋħĔƞŀĬĬņœĮĽŌƞĔĶŃĭĺĬĔŅĶĕńŘĬĨƞŀœĮĔƞŀĬĬņœĮ
ŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔ 

 
3. ĝƞĺĚĪħĸŀĚľŅĽƞĺĬįĽĴ 

3.1 ėńħŏĸŊŀĔľŅĽŌĨĶĽƞĺĬįĽĴŒĬĔŅĶĕŉŘĬĶŌĮėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĮĶńĭ
ĽĳŅıŐĸƟĺœĮĪħŐĪĬĽƞĺĬįĽĴĞŉŗĚĴňȮĮŌĬĞňŏĴĬĨƢȮĪĶŅĵȮľŇĬȮŏĮƦĬĽƞĺĬĮĶŃĔŀĭľĸńĔ 

3.2 ĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚȮ&Design of Experiment: DOE) ŏĮƦĬĔŅĶŀŀĔŐĭĭ
ŏıŊŗŀŒľƟœħƟįĸŇĨĳńĦĤƢĪňŗĴňėĺŅĴŏľĴŅŃĽĴȮőħĵĔŅĶľŅėƞŅĪňŗŏľĴŅŃĽĴĪňŗĽŋħ&Optimization)ȮŐĸŃıŇěŅĶĦŅ
ĩŉĚįĸĪňŗŏĔŇħěŅĔĔŅĶĶĺĴĔńĬĕŀĚĶŃħńĭĕŀĚĮƤěěńĵĪńŘĚľĴħĪňŗŏĮƦĬœĮœħƟŒĬĔŅĶĪħĸŀĚȮĚŅĬĺŇěńĵĬňŘœħƟĽŌĨĶĔŅĶ
ĪħĸŀĚĴŅěŅĔĪķļġňĔŅĶŀŀĔŐĭĭŐĭĭŏŀŖĔĞƢĪĶňĴŏĺŀĶƢĪŇĽȮ&Extreme Vertices) ŏĮƦĬĔŅĶŀŀĔŐĭĭĔŅĶ
ĪħĸŀĚŐĭĭĪňŗĴňĕƟŀěņĔńħĽńħĽƞĺĬȮ&Design with constraints on proportion) őħĵĔņľĬħĽńħĽƞĺĬ
ĕŀĚĺńĽħŋīĶĶĴĝŅĨŇŀŀĔŏĮƦĬȮ3ȮĽŌĨĶĪħĸŀĚȮėŊŀȮ10%, 20%. 30%, 40%, 50%  ŐĸŃŐĭƞĚĽƞĺĬįĽĴŒĬ
ĔŅĶĪħĸŀĚŐĭƞĚŏĮƦĬȮ4 ĔĸŋƞĴȮĕĬŅħĪħĸŀĚĕŀĚėŀĬĔĶňĨĭĸŖŀĔȮėŊŀȮ/.x1.x1.ȮĞ,Ĵ, 

3.3 ėńħŏĸŊŀĔľŅĽŌĨĶĪňŗĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮěņĬĺĬȮ/.ȮĽŌĨĶȮőħĵĔŅĶĬņœĮĝńŗĚĬŘņľĬńĔ
ĔƞŀĬŐĸŃľĸńĚĬņœĮŐĝƞĬŘņȮ02ȮĝńŗĺőĴĚȮĺńħĬŘņľĬńĔőħĵĔŅĶĝńŗĚĪŋĔȮ/ȮĝńŗĺőĴĚ 

3.4 ĬņĽŌĨĶĪňŗĪňŗĴňĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħĬņœĮĕŉŘĬĶŌĮėŀĬĔĶňĨĭĸŖŀĔĪħĽŀĭĕĬŅħȮ
/.x1.x1.ȮĞ,Ĵ,ȮĽŌĨĶĸŃȮ1ȮĔƟŀĬĶĺĴĪńŘĚľĴħŏĮƦĬȮ3.ȮĔƟŀĬĬņœĮĪħĽŀĭľŅėƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚŀńħŒľƟ
œħƟėĺŅĴŐĕŖĚŐĶĚĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531) ŏıŊŗŀŒľƟœħƟ
ĽŌĨĶĪňŗĴňėĺŅĴŐĕŖĚŐĶĚŒĬĔŅĶĬņœĮĕŉŘĬĶŌĮĪĶĚėŀĬĔĶňĨĭĸŖŀĔěĶŇĚĕĬŅħȮ5.Ȯx 170 x 170 ĴĴ,Ȯ 

 
4. ĝƞĺĚįĸŇĨėŀĬĔĶňĨĭĸŖŀĔĶŌĮĪĶĚěĶŇĚĕĬŅħȮ5.Ȯx 170 x 170 ĴĴ. 

4.1 įĸŇĨėŀĬĔĶňĨĭĸŖŀĔĕĬŅħȮ5.Ȯx 170 x 170 ĴĴ,őħĵŒĝƟŏėĶŊŗŀĚįĸŇĨėŀĬĔĶňĨĭĸŖŀĔ
ĶŃĭĭĔŉŗĚœŁħĶŀĸŇĔŐĭĭȮ2ȮĔƟŀĬ 

4.2 ĬņėŀĬĔĶňĨĭĸŖŀĔĪňŗįĸŇĨœħƟěŅĔĽŌĨĶĚŅĬĺŇěńĵœĮĪņĔŅĶĪħĽŀĭľŅėƞŅĨƞŅĚŕĨŅĴ
ĴŅĨĶģŅĬĪňŗĔņľĬħ  
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5. ĝƞĺĚĪħĽŀĭĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531)Ȯ
ŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬ 

5.1 ĪħĽŀĭľŅėƞŅĨƟŅĬĪŅĬŐĶĚŀńħŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬőħĵĔŅĶħŌħĔĸŊĬĬŘņŐĸŃľħĨńĺ
ĪŅĚĵŅĺĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531) 

5.2 ĪħĽŀĭėŋĦĽĴĭńĨŇŒĬĔŅĶĬņėĺŅĴĶƟŀĬľŅėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬ 
&k value) ĨŅĴĴŅĨĶģŅĬȮASTM C 518ȮŏıŊŗŀŏĮĶňĵĭŏĪňĵĭėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĴŅĨĶģŅĬ
ĕŀĚĔĶŃĪĶĺĚıĸńĚĚŅĬŐĸŃȮCISB Guide A:20/3 

 
6. ĝƞĺĚĪħĽŀĭėƞŅħŌħĞŉĴėĺŅĴĝŊŘĬȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŐĸŃĪħĽŀĭĮĶŇĴŅĦ

ėĺŅĴĝŊŘĬŒĬĽĳŅĺŃĨƞŅĚŕ 
6.1 ľĸńĚěŅĔœħƟėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚĕĬŅħȮ5. x /7. x 17.ȮĴĴ,ȮĪňŗįƞŅĬĴŅĨĶģŅĬ

ŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531)ȮŐĸŃĴňėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĨŗņ
ĪňŗĽŋħŐĸƟĺȮĬņœĮĪħĽŀĭėƞŅħŌħĞŉĴėĺŅĴĝŊŘĬŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĺńĽħŋėŀĬĔĶňĨĭĸŖŀĔĝĬŇħŀŊŗĬ ŕ Īňŗ
ěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħȮ0ȮĵňŗľƟŀȮ 

6.2 ĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŐĸŃĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħ
ĞŉĴėĺŅĴĝŊŘĬŒĬĽĳŅĺŃĨƞŅĚŕȮőħĵĪņĔĸƞŀĚįĬńĚĪħĸŀĚĨƟĬŐĭĭěņĸŀĚœĺƟŏĮƦĬȮ0ȮĔĶĦňĻŉĔļŅ  ėŊŀŒĬ
ĽĳŅĺŃĮĔĨŇŐĸŃĽĳŅĺŃĪňŗĴňėĺŅĴĝŊŘĬŏĔŇħĕŉŘĬȮŏıŊŗŀŏĮĶňĵĭŏĪňĵĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŐĸŃ
ėŋĦĽĴĭńĨŇŒĬĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔĪňŗœħƟěŅĔĔŅĶĺŇěńĵŐĸŃėŀĬĔĶňĨĭĸŖŀĔĪňŗĺŅĚěņľĬƞŅĵ
ĨŅĴĪƟŀĚĨĸŅħȮ0ȮĵňŗľƟŀȮȮĞŉŗĚĴňĺŇīňĔŅĶħńĚĬňŘ 

ĔĶĦňĪňŗȮ/Ȯ&ŒĬĽĳŅĺŃĮĔĨŇ'ȮĪņĔĸƞŀĚįĬńĚĪħĸŀĚĨƟĬŐĭĭěņĸŀĚĕĬŅħȮ.,6. x 0,6 x 
.,6ȮĴ,ȮĞŉŗĚįĬńĚĕĬŅħȮ.,6. x 0,6ȮĴ,ȮŏľĴŅŃĽĴĔńĭěņĬĺĬėŀĬĔĶňĨĭĸŖŀĔĕĬŅħȮ5. x /7. x 17.ȮĴĴ,
ĪňŗĬņĴŅĔƞŀįĬńĚěņĬĺĬȮ6ȮĔƟŀĬȮȮőħĵĺŅĚĞƟŀĬĔńĬȮ2ȮĝńŘĬěņĬĺĬȮ0ȮŐĩĺȮĜŅĭŏĶňĵĭľĬŅȮ/,3ȮĞĴ,ȮĞŉŗĚ
ěņĬĺĬĔĸƞŀĚįĬńĚĪħĸŀĚĨƟĬŐĭĭěŃĴňŀĵŌƞȮ1ĔĸƞŀĚȮėŊŀȮėŀĬĔĶňĨĭĸŖŀĔŐĭĭĪňŗȮ/ȮėŀĬĔĶňĨĭĸŖŀĔŐĭĭĪňŗȮ0Ȯ
ŐĸŃėŀĬĔĶňĨĭĸŖŀĔĪňŗœħƟěŅĔĔŅĶĺŇěńĵȮ 

ĔĶĦňĪňŗȮ0Ȯ&ŒĬĽĳŅĺŃĪňŗėĺŅĴĝŊŘĬŏĔŇħĕŉŘĬ'ȮĪņĔĸƞŀĚįĬńĚĪħĸŀĚĨƟĬŐĭĭěņĸŀĚĕĬŅħ 
.,6. x 0,6 x .,6ȮĴ,ȮĞŉŗĚįĬńĚĕĬŅħ.,6. x 0,6ȮĴ,ȮŏľĴŅŃĽĴĔńĭěņĬĺĬėŀĬĔĶňĨĭĸŖŀĔĕĬŅħȮ5. x 
/7. x 17.ȮĴĴ,ĪňŗĬņĴŅĔƞŀįĬńĚěņĬĺĬȮ6ȮĔƟŀĬȮőħĵĺŅĚĞƟŀĬĔńĬȮ2ȮĝńŘĬěņĬĺĬȮ0ȮŐĩĺȮĜŅĭŏĶňĵĭľĬŅȮ
/,3ȮĞĴ,ȮĞŉŗĚěņĬĺĬĔĸƞŀĚįĬńĚĪħĸŀĚĨƟĬŐĭĭěŃĴňŀĵŌƞȮ1ĔĸƞŀĚȮėŊŀȮėŀĬĔĶňĨĭĸŖŀĔŐĭĭĪňŗȮ/ȮėŀĬĔĶňĨ
ĭĸŖŀĔŐĭĭĪňŗȮ0ȮŐĸŃėŀĬĔĶňĨĭĸŖŀĔĪňŗœħƟěŅĔĔŅĶĺŇěńĵȮĪņĔŅĶĨŇħĨńŘĚĶŃĭĭĜňħĬŘņŐĭĭȮSpray ĪňŗĴňĶŃĭĭ
ĨńŘĚŏĺĸŅŏĮƕħ-ĮƕħȮľƞŅĚěŅĔįĬńĚėŀĬĔĶňĨĭĸŖŀĔȮ/ȮĲŋĨȮěņĬĺĬȮ3ȮľńĺĜňħȮĭĶŇŏĺĦħƟŅĬĭĬĞƟŅĵ-ĕĺŅȮ
ħƟŅĬĸƞŅĚĞƟŅĵ-ĕĺŅȮŐĸŃĨĶĚĔĸŅĚȮőħĵľńĺĜňħěŃĪņĔŅĶĮĸƞŀĵĬŘņĨĸŀħȮ02ȮĝńŗĺőĴĚ  
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6.3 ŏĔŖĭĕƟŀĴŌĸŐĨƞĸŃĝƞĺĚŏĺĸŅŒĬĽĳŅĺŃĨƞŅĚŕŏĔŖĭĕƟŀĴŌĸőħĵŏėĶŊŗŀĚĨĶĺěĺńħŀŋĦľĳŌĴŇőħĵ
ŒĝƟŏėĶŊŗŀĚĭńĬĪŉĔĕƟŀĴŌĸȮ&Data logger'ȮĵňŗľƟŀ BENETECH ĶŋƞĬȮGM 1365ȮőħĵŏĔŖĭĕƟŀĴŌĸěŅĔĔŅĶĨŇħĨńŘĚ
ŏėĶŊŗŀĚœĺƟĔĸŅĚĔĸƞŀĚĪħĽŀĭĪńŘĚȮ1ȮĔĸƞŀĚĪħĽŀĭȮŐĸŃĨŇħĨńŘĚŏėĶŊŗŀĚœĺƟĭĶŇŏĺĦĳŅĵĬŀĔĔĸƞŀĚĪħĽŀĭŀňĔ
ěņĬĺĬȮ/ȮĝŋħȮĪņĔŅĶŏĔŖĭĭńĬĪŉĔĕƟŀĴŌĸŒĬĝƞĺĚŏĺĸŅĪňŗĔņľĬħĪŋĔȮ/.ȮĬŅĪňȮěŅĔĬńŘĬŒĝƟőĮĶŐĔĶĴěŅĔȮ
&Data logger'ȮŐĸŃȮMicrosoft Excel ŒĬĔŅĶĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢŒĬĝƞĺĚŏĺĸŅĨƞŅĚŕȮȮ
ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭėŀĬĔĶňĨĭĸŖŀĔĝĬŇħŀŊŗĬŕĪňŗěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħ 

 
ĶŌĮĪňŗȮ4  ŏėĶŊŗŀĚĭńĬĪŉĔĕƟŀĴŌĸȮ&Data logger'ȮĵňŗľƟŀ BENETECH ĶŋƞĬȮGM 1365 
7. ĝƞĺĚĽĶŋĮįĸĔŅĶĪħĸŀĚŒĬħƟŅĬĨƞŅĚŕ  ĪņĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪńŘĚľĴħŏıŊŗŀĽĶŋĮįĸĚŅĬĺŇěńĵ

őħĵŀīŇĭŅĵĽŇŗĚĪňŗŏĔŇħĕŉŘĬĔńĭĚŅĬĺŇěńĵ  ħńĚĬňŘ 
7.1 ĺŇīňĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĪņěŅĔĺńĽħŋīĶĶĴĝŅĨŇ  ŏıŊŗŀĸħĔŅĶĬņėĺŅĴ

ĶƟŀĬŏĕƟŅĽŌƞĨńĺŀŅėŅĶ 
7.2 ėĺŅĴĽńĴıńĬīƢĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗĽƞĚįĸĨƞŀȮMoisture Content ŒĬėŀĬĔĶňĨ

ĭĸŖŀĔ 
7.3 ėĺŅĴĽńĴıńĬīƢėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıȮĪŅĚĔĸȮĔŅĶĬņėĺŅĴĶƟŀĬȮĔŅĶħŌħĞńĭ

ėĺŅĴĝŊŘĬĕŀĚĺńĽħŋŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴ 
7.4 ėĺŅĴĽńĴıńĬīƢĕŀĚĔŅĶėńħŏĸŊŀĔȮĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇȮŐĸŃĔŅĶĕŉŘĬĶŌĮĪňŗħňĽƞĚįĸ

ĪņŒľƟȮMoisture Content ŒĬėŀĬĔĶňĨĭĸŖŀĔĨŗņȮ 
 
ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

1. ŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶıńĥĬŅĺŇīňĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĪņěŅĔĺńĽħŋīĶĶĴĝŅĨŇ 
2. ŏĮƦĬŐĬĺĪŅĚĔŅĶĻŉĔļŅėŋĦĽĴĭńĨŇĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĺńĽħŋīĶĶĴĝŅĨŇŏıŊŗŀĪħŐĪĬ 

Parafin ȮŐĸŃĺŇīňĔŅĶĬņœĮŒĝƟŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗįĽĴŏĽƟĬŒĵŏĞĸĸŌőĸĽěŅĔıŊĝ 
3. ŏĮƦĬŐĬĺĪŅĚĻŉĔļŅĺŇīňĔŅĶŏĨĶňĵĴĺńĽħŋŐĸŃĔŅĶĕŉŘĬĶŌĮĪňŗĽƞĚįĸĪņŒľƟȮMoisture Content ŒĬ

ėŀĬĔĶňĨĭĸŖŀĔĨŗņȮ 
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ĭĪĪňŗȮ0 
ŏŀĔĽŅĶĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 
ĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňĽƞĺĬįĽĴĕŀĚĺńĽħŋīĶĶĴĝŅĨŇħƟĺĵĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĝĬŇħ

ĽŅĶŀŇĬĪĶňĵƢŏıŊŗŀĸħĔŅĶĬņėĺŅĴĶƟŀĬŏĕƟŅĽŌƞŀŅėŅĶȮŏĮƦĬĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭľĸńĔĔŅĶŐĸŃĪķļġňȮŐĸŃ
ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚȮħńĚĬňŘ 

 
ľĸńĔĔŅĶŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 

1. ĺŇīňĔŅĶĪňŗėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭŀŅėŅĶ 

 
 

ĶŌĮĪňŗȮ5  ŐĽħĚĸńĔļĦŃĺŇīňĔŅĶĪňŗėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭŀŅėŅĶ 
 

1.1 Liquid  Flow 
ėĺŅĴĝŊŘĬŒĬĽĳŅĺŃĕŀĚŏľĸĺĪňŗŏĕƟŅĴŅŒĬŀŅėŅĶȮŏĝƞĬȮĬŘņİĬĪňŗĴŅěŅĔĶŅĚĶŃĭŅĵ

ĬŘņİĬĪňŗŀŋħĨńĬŐĸŃœľĸĸƟĬŏĕƟŅĴŅŒĬŀŅėŅĶȮȮĔŅĶŏħŇĬĪƞŀĬŘņŒĬįĬńĚŐĸŃŏĔŇħĮƤĠľŅĪƞŀĝņĶŋħĪņŒľƟĬŘņĞŉĴ
įƞŅĬįĬńĚŏĕƟŅŒĬŀŅėŅĶȮȮĨĸŀħěĬĽĳŅĺŃĬŘņĪƞĺĴȮŏĮƦĬĨƟĬ 

 
 

ĶŌĮĪňŗȮ6  ŐĽħĚĸńĔļĦŃėĺŅĴŏĽňĵľŅĵĪňŗŏĔŇħěŅĔĬŘņĞŉĴįƞŅĬįĬńĚŏĕƟŅŒĬŀŅėŅĶ 
ĪňŗĴŅ: http://www.1stassociated.co.uk  
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1.2 Capillary  Suction 
Capillary  Suction ŏĝƞĬȮĔŅĶħŌħĞŉĴĬŘņįƞŅĬĶŌıĶŋĬŏĸŖĔ ŕȮĪňŗŀĵŌƞŒĬĺńĽħŋĪňŗŒĝƟĪņŏĮƦĬ

įĬńĚľĶŊŀıŊŘĬŀŅėŅĶĽƞĺĬĪňŗĽńĴįńĽĔńĭħŇĬĪňŗĝŋƞĴĬŘņȮĪňŗŏĶňĵĔĺƞŅȮ"Rising  Damp" ŐĸŃĔŅĶħŌħĞŉĴĬŘņĭĶŇŏĺĦĝŇŘĬ
œĴƟȮĕŀĚįĬńĚĪňŗĞƟŀĬĪńĭĔńĬȮŏĮƦĬĨƟĬ 

 
ĶŌĮĪňŗȮ7  ĸńĔļĦŃĕŀĚĔŅĶħŌħĞŉĴĬŘņįƞŅĬįĬńĚľĶŊŀıŊŘĬŀŅėŅĶ 
ĪňŗĴŅ: www. buildblock.com 
 

 
 

ĶŌĮĪňŗȮ8  ŐĽħĚĸńĔļĦŃĔŅĶħŌħĞŉĴĬŘņĭĶŇŏĺĦĝŇŘĬœĴƟȮĕŀĚįĬńĚĪňŗĞƟŀĬĪńĭĔńĬ 
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ĶŌĮĪňŗȮ9  ŐĽħĚĸńĔļĦŃĔŅĶħŌħĞŉĴĬŘņĕŀĚįĬńĚĪňŗĞƟŀĬĪńĭĔńĬ 
ĪňŗĴŅ: Ȯhttps://www.epa.gov 
 

1.3 Air movement  
Air movement  ŏĝƞĬȮȮŀŅĔŅĻĪňŗĶńŗĺĞŉĴįƞŅĬĭĶŇŏĺĦĶŀĵĨƞŀĶŃľĺƞŅĚĝŇŘĬĽƞĺĬĕŀĚįĬńĚ

ĪňŗœĴƞœħƟĴňĔŅĶŒĝƟĺńĽħŋŀŋħĮƕħŀĵƞŅĚŏľĴŅŃĽĴȮȮĝƞŀĚŏěŅŃĪňŗĭĶŇŏĺĦįĬńĚȮŏĝƞĬȮĮĸńřĔœĲȮȮŐĸŃȮĶŀĵĨƞŀĶŃľĺƞŅĚ
įĬńĚĔńĭĺńĽħŋĴŋĚľĸńĚėŅ 

 
 

ĶŌĮĪňŗȮ10  ŐĽħĚĸńĔļĦŃĕŀĚįĬńĚĪňŗœĴƞœħƟĴňĔŅĶŒĝƟĺńĽħŋŀŋħĮƕħŀĵƞŅĚŏľĴŅŃĽĴ 
ĪňŗĴŅ: Ȯhttps://www.epa.gov/sites/production/files/moisture-control.pdf 
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1.4 Vapor  Diffusion  
ĔŅĶŐıĶƞĕŀĚėĺŅĴĝŊŘĬĪňŗįƞŅĬĺńĽħŋĔĶŀĭŀŅėŅĶȮȮőħĵĔŅĶŐıĶƞĕŀĚœŀĬŘņĞŉŗĚŐıĶƞěŅĔ

ĭĶŇŏĺĦĪňŗėĺŅĴħńĬœŀĽŌĚȮ&High  Vapor  Pressure)  œĮĵńĚĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņĪňŗĨŗņȮȮ(Low  
Vapor  Pressure)   

 
2. ėŋĦĽĴĭńĨŇŒĬĔŅĶŒľƟœŀĬŘņŐıĶƞįƞŅĬœħƟĕŀĚĺńĽħŋ 
ŒĬŀŅĔŅĻĪňŗĴňėĺŅĴĝŊŘĬěŃĴňėĺŅĴħńĬœŀĬŘņĪňŗĴŅĔĔĺƞŅŀŅĔŅĻĪňŗŐľƟĚȮȮĔŅĶŐıĶƞįƞŅĬĕŀĚœŀĬŘņ

ĪňŗįƞŅĬĺńĽħŋěŃŐıĶƞěŅĔĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņĽŌĚœĮĵńĚĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņĨŗņĔĺƞŅȮĬŀĔěŅĔĬňŘĔŅĶ
ŐıĶƞĵńĚĴňĪŇĻĪŅĚěŅĔĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĽŌĚœĮĵńĚĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĨŗņĔĺƞŅ 

 

 
 
ĶŌĮĪňŗȮ11ĳŅıĪňŗȮ0,5   ŐĽħĚĸńĔļĦŃĔŅĶŐıĶƞĕŀĚœŀĬŘņĞŉŗĚŐıĶƞěŅĔĭĶŇŏĺĦĪňŗėĺŅĴħńĬœŀĽŌĚȮ

&High  Vapor  Pressure)  œĮĵńĚĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņĪňŗĨŗņȮȮ(Low  Vapor  Pressure) 
 
3. ėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋŒĬĔŅĶŒľƟœŀĬŘņŐıĶƞįƞŅĬœħƟĴŅĔľĶŊŀĬƟŀĵ 

3.1 Water Vapor Permeability (џ' 
ėŊŀȮĮĶŇĴŅĦœŀĬŘņȮ[ng] ĪňŗįƞŅĬĺńĽħŋĪňŗĴňıŊŘĬĪňŗȮľĬŉŗĚľĬƞĺĵȮ[m2]ȮŐĸŃĴňėĺŅĴľĬŅ 

ľĬŉŗĚľĬƞĺĵȮ[m]ȮŒĬĝƞĺĚŏĺĸŅľĬŉŗĚľĬƞĺĵȮ[s] ĞŉŗĚŏĔŇħĕŉŘĬěŅĔėĺŅĴŐĨĔĨƞŅĚĕŀĚȮėĺŅĴħńĬœŀĬŘņĪňŗįŇĺĕŀĚ
ĺńĽħŋĪńŘĚĽŀĚħƟŅĬĪňŗĴňėƞŅľĬŉŗĚľĬƞĺĵȮ[Pa] ĳŅĵŒĨƟŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĪňŗĔņľĬħœĺƟȮĴňľĬƞĺĵŏĮƦĬȮ
[ng/Pasm]  ėƞŅĬňŘŏĮƦĬėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋȮėƞŅĪňŗĽŌĚŐĽħĚĺƞŅœŀĬŘņĽŅĴŅĶĩįƞŅĬĺńĽħŋĬńŘĬœħƟħňĔĺŅėƞŅĪňŗĨŗņ 
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ĶŌĮĪňŗȮ12  ŐĽħĚĸńĔļĦŃĕŀĚėƞŅȮȮWater Vapor Permeability 
 

3.2 Water Vapor Permeace 
Water Vapor PermeaceȮĴňėƞŅŏĪƞŅĔńĭėƞŅȮWater Vapor Permeability  ľŅĶ

ħƟĺĵėĺŅĴľĬŅĕŀĚĺńĽħŋȮėƞŅȮVapor Permeace  ȮĴňľĬƞĺĵŏĮƦĬȮȮȮ[ng/Pasm2]  ėƞŅȮWaterȮVapor 
Permeance  ȮěŃĸħĸĚŏĴŊŗŀŏıŇŗĴėĺŅĴľĬŅĕŀĚĺńĽħŋȮȮĺńĽħŋĪňŗĴňėƞŅĬňŘĽŌĚŐĽħĚĺƞŅœŀĬŘņĽŅĴŅĶĩŐıĶƞįƞŅĬ
ĺńĽħŋĬńŘĬœħƟħňĔĺƞŅĺńĽħŋĪňŗĴňėƞŅĬňŘĨŗņȮȮĔĶĦňĪňŗėƞŅĬňŘŒĝƟľĬƞĺĵŏĮƦĬȮIP-Unit  ėŊŀȮ"perm" őħĵȮ1 perm ȮėŊŀȮ
ĮĶŇĴŅĦĬŘņȮYgrain]ȮȮĪňŗŐıĶƞįƞŅĬĺńĽħŋĪňŗĴňıŊŘĬĪňŗľĬŉŗĚĨŅĶŅĚĲŋĨȮȮőħĵĴňėƞŅėĺŅĴŐĨĔĨƞŅĚĕŀĚėĺŅĴħńĬœŀĬŘņ
ŏĪƞŅĔńĭľĬŉŗĚĬŇŘĺĮĶŀĪŒĬĝƞĺĚŏĺĸŅľĬŉŗĚĝńŗĺőĴĚȮY/Ȯperm = 1 gr/hrft2 in.Hg] ȮőħĵȮ perm =ȮȮ57.2  
ng/Pasm2  ĔŅĶŐĮĸĚėƞŅĨŅĴĽĴĔŅĶĬňŘŒĝƟœħƟŏĜıŅŃŒĬĔĶĦňŀŋĦľĳŌĴŇŀŅĔŅĻŏĪƞŅĔńĭȮ0C 

3.3 Water Vapor Resistivity 
Water Vapor ResistivityȮĴňėƞŅŏĪƞŅĔńĭĽƞĺĬĔĸńĭĕŀĚėƞŅȮWater Vapor 

Permeability  ĴňľĬƞĺĵŏĮƦĬȮȮ[Pasm/ng]  
3.4 Water Vapor Resistance  
ėƞŅĔŅĶĨƟŅĬĪŅĬĔŅĶŐıĶƞœŀĬŘņĕŀĚĺńĽħŋȮȮĴňėƞŅŏĪƞŅĔńĭĽƞĺĬĔĸńĭĕŀĚėƞŅ  WaterȮ
Vapor Permeace  ȮĴňľĬƞĺĵŏĮƦĬ[Pasm2 /ng] 

3.5 The Resistance to Water Vapor Diffusion Factor (µ-value' 
ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚėƞŅȮWater Vapor Permeability  ĕŀĚŀŅĔŅĻĬŇŗĚȮĔńĭėƞŅȮ

Water Vapor Permeability  ĕŀĚĺńĽħŋȮ[œĴƞĴňľĬƞĺĵ] ėƞŅĬňŘĭƞĚĭŀĔĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬ
ĔŅĶŐıĶƞœŀĬŘņĕŀĚĺńĽħŋĬńŘĬŕȮĺƞŅĴňėƞŅŏĮƦĬĔňŗŏĪƞŅŏĴŊŗŀŏĪňĵĭĔńĭėƞŅĔŅĶĨƟŅĬĪŅĬĔŅĶŐıĶƞĕŀĚœŀĬŘņĕŀĚ

ŀŅĔŅĻĬŇŗĚĪňŗĴňėĺŅĴľĬŅŏĪƞŅĔńĬȮĺńĽħŋĝĬŇħŏħňĵĺĔńĬěŃĴňėƞŅȮµ-valueȮĪňŗŏĪƞŅĔńĬȮȮĺńĽħŋĪňŗĴňėƞŅĬňŘĽŌĚŐĽħĚĺƞŅ
ĺńĽħŋĬńŘĬĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŐıĶƞĕŀĚœŀĬŘņœħƟħňĔĺƞŅĺńĽħŋĪňŗĴňėƞŅĬňŘĨŗņ  
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ĶŌĮĪňŗ 13  ŐĽħĚĸńĔļĦŃĕŀĚėƞŅȮThe Resistance to Water Vapor Diffusion Factor 

(µ-value' 

3.6 The Resistance to Water Vapor Diffusion Factor (µ-
value'Diffusion-equivalent Air Layer Thickness (Sd-value) 

ėƞŅėĺŅĴľĬŅĕŀĚŀŅĔŅĻĪňŗĬŇŗĚȮ&Motionless Air Layer'ȮȮĪňŗĽŅĴŅĶĩĨƟŅĬĪŅĬĔŅĶ
ŐıĶƞĕŀĚœŀĬŘņœħƟŏĪƞŅĔńĭėƞŅĔŅĶĨƟŅĬĪŅĬĔŅĶŐıĶƞĕŀĚœŀĬŘņĕŀĚĺńĽħŋĪňŗĴňėĺŅĴľĬŅȮd ŐĸŃĴňėƞŅȮ

Resistance to Water Vapor Diffusion Factor ŏĪƞŅĔńĭȮµȮőħĵȮSd-Value ĴňėƞŅŏĪƞŅĔńĭȮµ ȮėŌĦĔńĭ

ėĺŅĴľĬŅȮ&d) ĕŀĚĺńĽħŋȮ&Sd-value = µ x d 'ȮĴňľĬƞĺĵŏĮƦĬȮ[m] ȮĺńĽħŋĝĬŇħŏħňĵĺĔńĬĪňŗĴňėĺŅĴľĬŅĪňŗ
ĨƞŅĚĔńĬěŃĴňėƞŅȮSd-valueȮĪňŗĨƞŅĚĔńĬȮȮ 

 
ĨŅĶŅĚĪňŗȮ0  ŐĽħĚėƞŅȮVapor Permeance ĕŀĚĺńĽħŋŀŅėŅĶŐĸŃĲƕĸƢĴȮ(Building  

Materials and Films) 
 

Material 
Thickness Thickness Permeance Permeance 

in mm gr/hr·ft2 ·in.Hg. ng/Pa·s·m2 
Concrete 8.000 203 0.40 23 

Brick masonry 4.000 100 0.80 46 
Concrete block, hollow 8.000 203 2.40 137 

Gypsum wallboard 0.375 10 50.00 2860 
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Material 
Thickness Thickness Permeance Permeance 

in mm gr/hr·ft2 ·in.Hg. ng/Pa·s·m2 
Hardboard (Tempered) 0.125 3 5.00 286 

Wood, sugar pine 1.000 25 0.4 to 5.4 23 to 309 
Plywood (Douglas fir, 

exterior glue 
0.250 6 0.70 40 

Plywood (Douglas fir, 
interior glue 

0.250 6 1.90 109 

Sheet, glass fiber with 
acylic resin 

0.056 1 0.12 6.9 

Sheet, glass fiber with 
polyester resin 

0.480 12 0.05 2.9 

 
Aluminum foil (Thick) 0.0010 0.03 0 0 
Aluminum foil (Thin) 0.0004 0.01 0.05 2.9 
Polyethelene (6 mil) 0.0060 0.15 0.06 3.4 
Polyethelene (8 mil) 0.0080 0.20 0.04 2.3 
Polyethelene (10 mil) 0.0100 0.25 0.03 1.7 
Polyvinylchloride (PVC) 0.0040 0.10 0.8 to 1.4 46 to 80 

Polyester 0.0076 0.19 0.08 4.6 
Cellulose  Acetate 0.0100 0.25 4.6 263 
Vapor retarder paint 0.0031 0.08 0.45 26 

Primer seater 0.0012 0.03 6.28 360 
Vinyl-acrylic primer 0.0016 0.04 8.62 493 

Semi-gloss, vinyl- acrylic 
enamel 

0.0240 0.61 6.61 378 

Exterior acylic hoouse 
and trim 

0.0017 0.04 5.47 313 

Flat paint (2 coats) on 
insulation board 

- - 4.00 229 
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Material 
Thickness Thickness Permeance Permeance 

in mm gr/hr·ft2 ·in.Hg. ng/Pa·s·m2 
Two coats of enamel on 

amooth plaster 
- - 0.5 to 1.5 29 to 86 

Primers + sealer, on 
insulation board 

- - 0.9 to 2.1 51 to 120 

Primers + flat oil paint on 
plaster 

- - 1.6 to 3.0 91 to 172 

Vapor Permeance of Some Building Materials. Building Science Corporation 
APRIL 15, 2013 

ĪňŗĴŅ8Ȯhttps://www.buildingscience.com/documents/information-sheets/info-
312-vapor-permeance-some-materials 

 
4. ĔŅĶľĬƞĺĚĔŅĶŐıĶƞĕŀĚœŀĬŘņȮ&Vapor  Retarder'ȮįƞŅĬĺńĽħŋ 
ĔŅĶľĬƞĺĚĔŅĶŐıĶƞĕŀĚœŀĬŘņįƞŅĬĺńĽħŋȮĴňėņĻńıĪƢĪňŗŏĔňŗĵĺĕƟŀĚĽŀĚėņȮœħƟŐĔƞȮȮ Vapor  

Retarder ȮŐĸŃȮ Vapor  Barrier ȮőħĵĴňėņěņĔńħėĺŅĴȮħńĚĬňŘ 
4.1  ȮVapor  RetarderȮ ȮȮėŊŀȮȮĺńĨĩŋȮ&Element) ĪňŗŀŀĔŐĭĭŐĸŃĨŇħĨńŘĚŒĬŀĚėƢ
ŀŅėŅĶȮ(Assembly) ŏıŊŗŀľĬƞĺĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĬŘņőħĵĔŅĶŐıĶƞĕŀĚœŀĬŘņȮőħĵŐĭƞĚȮ
Vapor  RetarderȮœħƟŏĮƦĬȮ3 Class ħńĚĬňŘȮėŊŀȮ 
Class I Vapor Retarder : 0.1 perm or less 
Class II Vapor Retarder : 1.0 perm or less and greater than 0.1perm 
Class III Vapor Retarder : 1.0 perm or less and greater than 1.0perm 

4.2 "Vapor Barrier"  ėŊŀȮVapor Retarder  ĪňŗěńħŀĵŌƞŒĬĔĸŋƞĴȮClass I 
Joseph Lstiburek (Joseph Lstiburek, 2006)  œħƟŐĭƞĚĺńĽħŋĨŅĴėƞŅȮ"Water 

Vapor Permeance ŏĮƦĬȮ4 ĶŃħńĭȮ&ĨŅĶŅĚĪňŗȮ3' 
 

  



  22 

ĨŅĶŅĚĪňŗȮ1  ŐĽħĚĔŅĶŐĭƞĚĺńĽħŋĨŅĴėƞŅȮ"Water Vapor Permeance ŏĮƦĬȮ4 ĶŃħńĭ 

ĶŃħńĭȮ&Class) 
ėƞŅȮWater Vapor 

Permeance (a) [perm] 
ĨńĺŀĵƞŅĚĺńĽħŋ 

Vapor impermeable 
œŀĬŘņįƞŅĬœĴƞœħƟ 

a Ò 0.1 Rubber membranes, 
polyethylene film, glass, 
aluminum foil, sheet metal, oil-
based paints, vinyl wall coverings, 
and foil-facer insulating sheathings 

Vapor semi-
impermeable 
ĔŉŗĚœŀĬŘņįƞŅĬœĴƞœħƟ 

0.1 < a Ò 0.1 

Vapor semi-
permeable 
ĔŉŗĚœŀĬŘņįƞŅĬœħƟ 

1.0 < a Ò 10 Plywood, OSB, unfaced 
expanded polystyrene (EPS), 
fiberfaced isocyanurate, heavy 
asphalt impregnated building 
papers, the paper and bitumen 
facing on most fiberglass batt 
insulation and most latex-based 
paints. 

Vapor permeable 
œŀĬŘņįƞŅĬœħƟ 

a > 10 Unpainted gypsum board 
and plaster, unfaced fiberglass 
insulation, cellulose insulation, 
unpainted stucco, lightweight 
asphalt impregnated building 
papers, asphalt impregnated 
building fiber board, exterior 
gypsum sheathings, cement 
sheathings 

ĪňŗĴŅ: (Joseph Lstiburek, 2006: 4) 
ĺńĽħŋĪňŗŏĴŊŗŀŏĔŇħĶŌĶńŗĺěŃĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŐıĶƞœŀĬŘņĕŀĚĺńĽħŋĬńŘĬĸħĸĚœĮœħƟȮ

ĨńĺŀĵƞŅĚŏĝƞĬȮBitumen Membrane ĪňŗĴňėĺŅĴľĬŅȮ2.7 ĴĴ. ȮĩƟŅœĴƞĴňĶŌŏěŅŃĴňėƞŅȮSd-value  őħĵŏĜĸňŗĵ
ŏĪƞŅĔńĭȮ137.1 m  ŏĴŊŗŀĴňĕĬŅħĶŌŏěŅŃȮ&Percentage of perforation'Ȯ0.0476% ėƞŅȮSd- value őħĵ
ŏĜĸňŗĵěŃĸħĸĚŏľĸŊŀŏıňĵĚȮ2/,2Ȯm  
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ĮĶŇĴŅĦėĺŅĴĝŊŘĬĪňŗŐıĶƞįƞŅĬĺńĽħŋŒĬĝƞĺĚŏĺĸŅľĬŉŗĚȮĽŅĴŅĶĩėņĬĺĬœħƟĨŅĴĽĴĔŅĶĬňŘ 
Wvp = A x Perm x (Ph - Pd)  [ng/s] 
Wvp = Vapor  Permeance Load [ng/s] 
Perm = WaterȮVapor Permeance  Ȯ[ng/sm2 Pa]   
A = ıŊŘĬĪňŗįŇĺĕŀĚĺńĽħŋȮ[m2] 
Ph = ŐĶĚħńĬœŀĬŘņĪŅĚħƟŅĬĪňŗĴňėĺŅĴĝŊŘĬȮYPa] 
Pd = ŐĶĚħńĬœŀĬŘņĪŅĚħƟŅĬĪňŗŐľƟĚȮYPa] 

 
5. Moisture Storage 
ĺńĽħŋĪňŗŏĮƦĬȮHygroscopic Material ŏĝƞĬȮœĴƟȮŐįƞĬĵŇĮĞńĴȮĽŅĴŅĶĩħŌħĞńĭėĺŅĴĝŊŘĬĪňŗĴňŀĵŌƞŒĬ

ŀŅĔŅĻœħƟȮőħĵĺńĽħŋěŃħŌħĞńĭėĺŅĴĝŊŘĬěĬŏĔŇħĽĴħŋĸėĺŅĴĝŊŘĬȮ&Moisture Equilibrium) ĞŉŗĚĕŉŘĬĔńĭ
ĮĶŇĴŅĦėĺŅĴĝŊŘĬĽńĴıńĪīƢŒĬĕĦŃĬńŘĬȮȮőħĵĮĶŇĴŅĦėĺŅĴĝŊŘĬŒĬĺńĽħŋȮ&Moisture Content) ěŃŏıŇŗĴĴŅĔ
ĕŉŘĬŏĴŊŗŀėĺŅĴĝŊŘĬĽńĴıńĪīƢŏıŇŗĴĽŌĚĕŉŘĬȮĔŅĶŏĔŇħėĺŅĴĝŊŘĬŒĬĺńĽħŋȮȮ&Moisture region)  ĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ
1ȮĝƞĺĚȮėŊŀ 

1) Sorption Moisture (or Hygroscopic) Region  ĝƞĺĚĬňŘěŃŏĶŇŗĴĨƟĬĨńŘĚŐĨƞĽĳŅĺŃ
ĪňŗŐľƟĚȮ&Dry State) œĮěĬĩŉĚĽĳŅĺŃĽĴħŋĸĕŀĚėĺŅĴĝŊŘĬĪňŗėĺŅĴĝŊŘĬĽńĴıńĪīƢĮĶŃĴŅĦȮ95%  

2) Capillary Water Region  ĝƞĺĚĬňŘěŃĨƞŀŏĬŊŗŀĚěŅĔĝƞĺĚĪƟŅĵĕŀĚȮSorption Region 
œĮěĬĩŉĚĔŅĶŀŇŗĴĨńĺĕŀĚĬŘņȮ&Free Water Saturate)ȮŒĬĝƞĺĚĬňŘĶŌıĶŋĬĕŀĚĺńĽħŋĪňŗĴňĕĬŅħŒľĠƞěŃĩŌĔŏĨŇĴ
ŏĨŖĴħƟĺĵĬŘņěĬĩŉĚěŋħŀŇŗĴĨńĺ 

3) Super Saturated Region  ĝƞĺĚĬňŘěŃĨƞŀŏĬŊŗŀĚěŅĔĝƞĺĚŀŇŗĴĨńĺĕŀĚĬŘņȮœĮěĬĩŉĚ
ĝƞŀĚĺƞŅĚĳŅĵŒĬĺńĽħŋĪńŘĚľĴħŏĨŖĴœĮħƟĺĵĬŘņȮŒĬĝƞĺĚĬňŘėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢěŃŏĪƞŅĔńĭȮ100% ŏĽĴŀ 

 
6. ėĺŅĴĝŊŘĬŒĬĺńĽħŋĪňŗĴňįĸĨƞŀėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬ 
ėĺŅĴĝŊŘĬŒĬĺńĽħŋĪňŗĴňįĸĪņŒľƟėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ&Thermal Conductivity) 

ĕŀĚĺńĽħŋŏıŇŗĴĴŅĔĕŉŘĬȮȮĪńŘĚĬňŘȮŏĬŊŗŀĚĴŅěŅĔĬŘņĪňŗŀĵŌƞŒĬĺńĽħŋĬńŘĬĴňėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĪňŗĽŌĚĔĺƞŅ
ŀŅĔŅĻĪňŗŐĪĶĔŀĵŌƞŒĬĝƞŀĚĺƞŅĚĕŀĚĺńĽħŋ 
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ĶŌĮĪňŗȮ14  ŐĽħĚĸńĔļĦŃĕŀĚėƞŅȮThermal ConductivityȮĪňŗŏĮĸňŗĵĬœĮĨŅĴĮĶŇĴŅĦėĺŅĴĝŊŘĬ 

ŒĬĺńĽħŋ 
ĪňŗĴŅ:Ȯhttps://www.researchgate.net 
 
7. ĔŅĶŐıĶƞĕŀĚœŀĬŘņĪňŗįĬńĚĳŅĵĬŀĔŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬěŅĔĶńĚĽňŀŅĪŇĨĵƢ 
įĬńĚĳŅĵĬŀĔĪňŗĴňĺńĽħŋĝńŘĬĬŀĔĽŋħŏĮƦĬĺńĽħŋĪňŗĴňĶŌıĶŋĬȮŏĝŇĬȮŀŇģȮŏĴŊŗŀĩŌĔİĬĺńĽħŋěŃħŌħĞńĭĬŘņœĺƟ

ĳŅĵŒĬľĸńĚěŅĔĬńŘĬĩƟŅįĬńĚĽƞĺĬĬňŘœħƟĶńĭėĺŅĴĶƟŀĬěŅĔĶńĚĽňħĺĚŀŅĪŇĨĵƢȮĬŘņĪňŗħŌħĞńĭœĺƟĔŖěŃĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬ
ŐĸŃĴňėĺŅĴħńĬœŀĬŘņĪňŗĽŌĚĔĺƞŅĭĶŇŏĺĦĪňŗŀĵŌƞőħĵĶŀĭȮȮěŉĚĪņŒľƟŏĔŇħĔŅĶŐıĶƞĔĶŃěŅĵĕŀĚœŀĬŘņěŅĔĺńĽħŋįĬńĚ
ĽƞĺĬĬňŘœĮĵńĚĭĶŇŏĺĦĪňŗĨŇħĔńĬȮĞŉŗĚĴňŀŋĦľĳŌĴŇŐĸŃėĺŅĴħńĬœŀĬŘņĪňŗĨŗņĔĺƞŅȮȮőħĵĪŇĻĪŅĚĔŅĶŐıĶƞĔĶŃěŅĵĕŀĚ
œŀĬŘņŏĔŇħĕŉŘĬœħƟĽŀĚĪŇĻĪŅĚȮėŊŀȮŐıĶƞŀŀĔœĮĪňŗŀŅĔŅĻĳŅĵĬŀĔȮŐĸŃŐıĶƞŏĕƟŅœĮŒĬĝƞŀĚĺƞŅĚŀŅĔŅĻĳŅĵŒĬ
įĬńĚľĶŊŀĺńĽħŋĪňŗŀĵŌƞĝńŘĬĩńħœĮȮȮȮŒĬĔĶĦňĕŀĚľƟŀĚĮĶńĭŀŅĔŅĻĞŉŗĚĴňŀŋĦľĳŌĴŇįŇĺĳŅĵŒĬĪňŗĨŗņȮĩƟŅĴňĔŅĶĨŇħĨńŘĚ
ŐįƞĬĺńĽħŋĮƚŀĚĔńĬœŀĬŘņȮŏĝƞĬȮŐįƞĬ Polyethylene ĪňŗħƟŅĬľĸńĚĕŀĚŐįƞĬĵŇĮĞńĴĪņŒľƟœŀĬŘņœĴƞĽŅĴŅĶĩŐıĶƞ
įƞŅĬœĮĵńĚŐįƞĬĵŇĮĞńĴĞŉŗĚŀĵŌƞĨŇħĔńĭŀŅĔŅĻĳŅĵŒĬľƟŀĚœħƟĽŃħĺĔȮȮœŀĬŘņĽƞĺĬĬňŘěŃŏĔŇħĔŅĶĽŃĽĴėĺĭŐĬƞĬ
ŏĮƦĬľĵħĬŘņĪňŗĭĶŇŏĺĦŐįƞĬĮƚŀĚĔńĬœŀĬŘņĳŅĵŒĬįĬńĚȮĞŉŗĚŀŅěĔƞŀŒľƟŏĔŇħĮƤĠľŅŏĝŊŘŀĶŅĕŉŘĬŒĬįĬńĚœħƟ 

 
ĶŌĮĪňŗȮ15  ŐĽħĚĸńĔļĦŃĔŅĶŐıĶƞĕŀĚœŀĬŘņĪňŗįĬńĚĳŅĵĬŀĔŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬěŅĔĶńĚĽňŀŅĪŇĨĵƢ 
ĪňŗĴŅȮ:Ȯhttps://buildingscience.com  
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8. ĔŅĶľĬƞĺĚėĺŅĴĝŊŘĬĕŀĚĺńĽħŋȮ&Moisture Buffering of Material) 
ĺńĽħŋĪňŗŏĮƦĬȮHygroscopic Material ĪňŗŀĵŌƞĳŅĵŒĬŀŅėŅĶĽŅĴŅĶĩħŌħĞńĭėĺŅĴĝŊŘĬěŅĔ

ŀŅĔŅĻȮŐĸŃėŅĵėĺŅĴĝŊŘĬŀŀĔĽŌƞŀŅĔŅĻĪňŗŀĵŌƞŐĺħĸƟŀĴĺńĽħŋĬńŘĬœħƟȮȮőħĵĔŅĶħŌħĞńĭŐĸŃĔŅĶėŅĵėĺŅĴĝŊŘĬĬňŘ
ĴňįĸŒľƟŏĔŇħĔŅĶľĬƞĺĚėĺŅĴĝŊŘĬĕŀĚŀŅĔŅĻĳŅĵŒĬľƟŀĚȮĪņŒľƟėĺŅĴĝŊŘĬĳŅĵŒĬŀŅėŅĶœĴƞŐĨĔĨƞŅĚĔńĬĴŅĔ
ŒĬŐĨƞĸŃĝƞĺĚŏĺĸŅȮ(Steeman et al., 2010) œħƟŀīŇĭŅĵıķĨŇĔĶĶĴĔŅĶľĬƞĺĚėĺŅĴĝŊŘĬĕŀĚĺńĽħŋȮȮ
&Moisture Buffering of Material) œĺƟħńĚĬňŘȮȮŏĴŊŗŀŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĳŅĵŒĬľƟŀĚĽŌĚĕŉŘĬȮ&ėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢĸħĸĚ'ȮŀŋĦľĳŌĴŇĪňŗįŇĺĕŀĚĺńĽħŋěŃŏıŇŗĴĽŌĚĕŉŘĬħƟĺĵȮȮœŀĬŘņěŅĔŒĬĺńĽħŋěŃŐıĶƞŀŀĔĴŅĽŌƞĳŅĵŒĬľƟŀĚȮ
ŒĬĪŅĚĔĸńĭĔńĬŏĴŊŗŀŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚĨŗņĸĚȮ&ėĺŅĴĝŊŘĬĽńĴıńĪīƢŏıŇŗĴĕŉŘĬ'ȮœŀĬŘņĳŅĵŒĬŀŅĔŅĻěŃĩŌĔħŌħ
ĞńĭŏĕƟŅœĮŒĬĺńĽħŋȮěŉĚĪņŒľƟėĺŅĴĝŊŘĬĽńĴıńĪīƢĳŅĵŒĬľƟŀĚĴňėƞŅėƞŀĬĕƟŅĚėĚĪňŗȮȮĬŀĔěŅĔĬňŘȮŒĬĕĦŃĪňŗĺńĽħŋėŅĵ
œŀĬŘņŀŀĔĴŅĬńŘĬȮěŃŏĔŇħĔŅĶħŉĚŏŀŅėĺŅĴĶƟŀĬŐİĚĪňŗŀĵŌƞŒĬŀŅĔŅĻȮŐĸŃŏĴŊŗŀĺńĽħŋħŌħĞńĭėĺŅĴĝŊŘĬěŃĴňĔŅĶ
ĮĸƞŀĵėĺŅĴĶƟŀĬŀŀĔĴŅĽŌƞŀŅĔŅĻĳŅĵŒĬľƟŀĚȮĞŉŗĚĴňįĸĪņŒľƟŀŋĦľĳŌĴŇŒĬľƟŀĚĴňėƞŅĪňŗėƞŀĬĕƟŅĚėĚĪňŗĔĺƞŅĔŅĶĪňŗ
œĴƞĴňĺńĽħŋĪňŗŏĮƦĬȮHygroscopicȮMaterialȮŀĵŌƞĳŅĵŒĬľƟŀĚ 

ĮƤěěńĵľĸńĔĪňŗĴňįĸĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶľĬƞĺĚėĺŅĴĝŊŘĬĕŀĚĺńĽħŋėŊŀȮėƞŅĔŅĶħŌħĞńĭȮ&Sorption'Ȯ
ėĺŅĴĝŊŘĬĕŀĚĺńĽħŋȮŐĸŃȮėƞŅȮVapor Permeability ĞŉŗĚėƞŅħńĚĔĸƞŅĺĬňŘȮőħĵĪńŗĺœĮěŃœĴƞėĚĪňŗȮŐĨƞěŃ
ŏĮĸňŗĵĬœĮĨŅĴėƞŅĝŊŘĬĽńĴıńĪīƢȮ 

 
ėŀĬĔĶňĨĭĸŖŀĔ 

ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚȮœħƟŐĔƞȮĬŇĵŅĴȮĮĶŃŏĳĪȮŐĸŃĸńĔļĦƢĕĬŅħȮ 
1. ĬŇĵŅĴĕŀĚėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚ 
ėĺŅĴľĴŅĵĕŀĚėņĪňŗŒĝƟŒĬĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔ 

ĴňėĺŅĴľĴŅĵħńĚĨƞŀœĮĬňŘ 
ėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚȮ&Hollow concrete block or hollow concrete masonry 

unit)  ľĴŅĵĩŉĚȮĔƟŀĬėŀĬĔĶňĨĪņěŅĔĮŌĬĞňŏĴĬĨƢȮĬŘņȮŐĸŃĺńĽħŋįĽĴĪňŗŏľĴŅŃĽĴĝĬŇħĨƞŅĚŕȮŐĸŃěŃĴňĽŅĶ
ŀŊŗĬįĽĴŀĵŌƞħƟĺĵȮľĶŊŀœĴƞĔŖœħƟĽņľĶńĭĔƞŀįĬńĚľĶŊŀĔņŐıĚőħĵĴňőıĶĚĕĬŅħŒľĠƞĪŃĸŋĨĸŀħĔƟŀĬȮĴňĶƞŀĚ
ľĶŊŀœĴƞĴňĔŖœħƟȮŐĸŃĴňıŊŘĬĪňŗľĬƟŅĨńħĽŋĪīŇĬƟŀĵĔĺƞŅȮ53#ȮȮĕŀĚıŊŘĬĪňŗľĬƟŅĨńħĶĺĴĪňŗĶŃĬŅĭŏħňĵĺĔńĬȮȮŒĝƟ
ĽņľĶńĭįĬńĚĪňŗŀŀĔŐĭĭőħĵœĴƞĶńĭĬŘņľĬńĔĭĶĶĪŋĔȮĬŀĔěŅĔĬŘņľĬńĔĨńĺŏŀĚ 

ėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮ&Hollow nonloadbearing concrete masonry 
unit'  ľĴŅĵĩŉĚȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚŒĝƟĽņľĶńĭįĬńĚĪňŗŀŀĔŐĭĭőħĵœĴƞĶńĭĬŘņľĬńĔĭĶĶĪŋĔȮĬŀĔěŅĔ
ĬŘņľĬńĔĨńĺŏŀĚ 
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ŏĮĸŊŀĔȮ&Shell) ľĴŅĵĩŉĚȮįĬńĚĳŅĵĬŀĔĕŀĚėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĪńŘĚŏĮĸŊŀĔ
įŇĺľĬƟŅŐĸŃŏĮĸŊŀĔĕƟŅĚ 

 
ĶŌĮĪňŗȮ16  ŐĽħĚĸńĔļĦŃĕŀĚėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔ 
ĪňŗĴŅ: ŴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĴŀĔ,36-0311*ŵ 

ĶŅĝĔŇěěŅĬŋŏĭĔļŅȮŏĸƞĴĪňŗȮ//5, ĨŀĬĪňŗȮ//7Ȯ&/.ȮĔĶĔġŅėĴȮ0311': 0 
 
2. ĮĶŃŏĳĪėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔ 
ėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔĨŅĴĴŅĨĶģŅĬĬňŘȮŐĭƞĚĨŅĴėĺŅĴľĬŅŐĬƞĬŏĮƦĬȮ0Ȯ

ĮĶŃŏĳĪȮėŊŀȮĮĶŃŏĳĪĪňŗȮ/ȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔĮĶŃŏĳĪėĺĭėŋĴėĺŅĴĝŊŘĬ  ŐĸŃĮĶŃŏĳĪĪňŗȮ
0ȮėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔĮĶŃŏĳĪœĴƞėĺĭėŋĴėĺŅĴĝŊŘĬ   

 
3. ĕĬŅħŐĸŃŏĔĦĤƢėĺŅĴėĸŅħŏėĸŊŗŀĬ 
ėĺŅĴľĬŅĕŀĚŏĮĸŊŀĔĨƟŀĚœĴƞĬƟŀĵĔĺƞŅȮ/0ȮĴĴ,ȮĕĬŅħĕŀĚėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭ

ĬŘņľĬńĔŒľƟĴňĕĬŅħħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ/ȮȮőħĵěŃėĸŅħŏėĸŊŗŀĬœħƟœĴƞŏĔŇĬȮ)Ȯ0ȮĴĴ, 
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ĨŅĶŅĚĪňŗȮ2ȮŐĽħĚĕĬŅħĴŅĨĶģŅĬėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔ 
ĕĬŅħĪňŗĪņ 

ľĬŅȮx ĽŌĚȮx ĵŅĺȮ&ĴĴ,' 
70 x 190 x 140 
90 x 190 x 140 
140 x 190 x 140 
190 x 190 x 140 
70 x 190 x 190 
90 x 190 x 190 
140 x 190 x 190 
190 x 190 x 190 
70 x 190 x 290 
90 x 190 x 290 
140 x 190 x 290 
190 x 190 x 290 
70 x 190 x 390 
90 x 190 x 390 
140 x 190 x 390 
190 x 190 x 390 

ĪňŗĴŅ: ŴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĴŀĔ,36-0311*ŵ 
ĶŅĝĔŇěěŅĬŋŏĭĔļŅȮŏĸƞĴĪňŗȮ//5, ĨŀĬĪňŗȮ//7Ȯ&/.ȮĔĶĔġŅėĴȮ0311'Ȯ: 6 

 
4. ĺńĽħŋįĸŇĨėŀĬĔĶňĨĭĸŖŀĔ 

4.1 ĮŌĬĞňŏĴĬĨƢŒľƟŒĝƟŀĵƞŅĚŒħŀĵƞŅĚľĬŉŗĚħńĚĨƞŀœĮĬňŘ 
4.1.1 ĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢėĺĶŏĮƦĬœĮĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮĮŌĬĞňŏĴĬĨƢ
ĮŀĶƢĨŐĸĬħƢȮĮĶŃŏĳĪĪňŗȮ/ȮȮĕƟŀĔņľĬħėŋĦĳŅıĴŅĨĶģŅĬŏĸĕĪňŗȮĴŀĔ,/3 
ŏĸƞĴĪňŗȮ/ 

4.1.2 ĮŌĬĞňŏĴĬĨƢįĽĴȮėĺĶŏĮƦĬœĮĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮĮŌĬĞňŏĴĬĨƢįĽĴ
ĴŅĨĶģŅĬŏĸĕĪňŗȮĴŀĔ,6. 
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4.2 ĴĺĸįĽĴėŀĬĔĶňĨ 
ėĺĶŏĮƦĬœĮĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮĴĺĸįĽĴėŀĬĔĶňĨĴŅĨĶģŅĬŏĸĕĪňŗȮĴŀĔ,

344ȮĵĔŏĺƟĬŏĔĦĤƢĔņľĬħĔŅĶėńħĕĬŅħĕŀĚĴĺĸįĽĴėŀĬĔĶňĨ 
4.3 ĽƞĺĬįĽĴŀŊŗĬ ŕ 
ĨńĺĪņĲŀĚŀŅĔŅĻȮĽňȮĽŅĶȮĔńĬĬŘņȮłĸłȮĪňŗĬņĴŅŒĝƟȮėĺĶŏĮƦĬĽŅĶĪňŗŏľĴŅŃĽĴĽņľĶńĭŒĝƟ

ĔńĭėŀĬĔĶňĨŐĸŃėĺĶŏĮƦĬœĮĨŅĴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ 
 

5. ėŋĦĸńĔļĦŃĪňŗĨƟŀĚĔŅĶ 
5.1 ĸńĔļĦŃĪńŗĺœĮ 

5.1.1 ėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔĪŋĔĔƟŀĬĨƟŀĚŐĕŖĚŐĶĚȮȮĮĶŅĻěŅĔĶŀĵŐĨĔĶƟŅĺ
ľĶŊŀĽƞĺĬŏĽňĵŀŊŗĬŒħŀńĬŏĮƦĬŀŋĮĽĶĶėĨƞŀĔŅĶĔƞŀėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔ
ŀĵƞŅĚĩŌĔĨƟŀĚľĶŊŀĪņŒľƟĽŇŗĚĔƞŀĽĶƟŅĚŏĽňĵĔņĸńĚľĶŊŀėĺŅĴėĚĪĬĩŅĺĶȮȮĶŀĵĶƟŅĺ
ŏĸŖĔĬƟŀĵĪňŗĴńĔŏĔŇħĕŉŘĬŒĬĔĶĶĴĺŇīňĔŅĶįĸŇĨĨŅĴĮĔĨŇľĶŊŀĶŀĵĮĶŇŏĸŖĔĬƟŀĵ
ŏĬŊŗŀĚěŅĔĺŇīňĔŅĶŏėĸŊŗŀĬĵƟŅĵľĶŊŀĕĬĽƞĚŀĵƞŅĚīĶĶĴħŅȮȮěŃĨƟŀĚœĴƞŏĮƦĬĽŅŏľĨŋ
ŀƟŅĚŒĬĔŅĶœĴƞĵŀĴĶńĭ 

5.1.2 ėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮĞŉŗĚĨƟŀĚĔŅĶĜŅĭĮŌĬľĶŊŀŐĨƞĚĮŌĬĨƟŀĚĴňįŇĺľĵŅĭ
ıŀėĺĶŐĔƞĔŅĶěńĭĵŉħĕŀĚĮŌĬĜŅĭľĶŊŀĮŌĬŐĨƞĚœħƟŏĮƦĬŀĵƞŅĚħň 

5.1.3 ėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮĞŉŗĚĨƟŀĚĔŅĶĔƞŀŐĭĭįŇĺŏįĵȮħƟŅĬįŇĺŏįĵěŃĨƟŀĚ
œĴƞĴňĶŀĵĭŇŗĬȮȮĶŀĵĶƟŅĺȮȮľĶŊŀĨņľĬŇŀŊŗĬ ŕȮȮĩƟŅŒĬĔŅĶĽńŗĚėĶŅĺľĬŉŗĚĴňĔƟŀĬĞŉŗĚĴň
ĶŀĵĭŇŗĬŏĸŖĔĬƟŀĵĪňŗĵŅĺĴŅĔĔĺƞŅȮ03ȮĴĴ,ȮŏĮƦĬěņĬĺĬœĴƞĴŅĔĔĺƞŅĶƟŀĵĸŃȮ3Ȯ
ěŃĨƟŀĚœĴƞĩŊŀŏĮƦĬĽŅŏľĨŋŒĬĔŅĶœĴƞĵŀĴĶńĭȮȮĔŅĶĪħĽŀĭŒľƟĪņőħĵĔŅĶĨĶĺě
ıŇĬŇě 
 

5.2 ĸńĔļĦŃĪńŗĺœĮ 
ėĺŅĴĨƟŅĬŐĶĚŀńħĕŀĚėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔ  ĪńŘĚėƞŅŏĜĸňŗĵŐĸŃėƞŅŐĨƞĸŃĔƟŀĬ

ĨƟŀĚŏĮƦĬœĮĨŅĴĨŅĶŅĚĪňŗȮ5  ĔŅĶĪħĽŀĭŒľƟĮĢŇĭńĨŇĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮȮĺŇīňĝńĔĨńĺŀĵƞŅĚŐĸŃĔŅĶ
ĪħĽŀĭĺńĽħŋĚŅĬĔƞŀĞŉŗĚĪņħƟĺĵėŀĬĔĶňĨĴŅĨĶģŅĬŏĸĕĪňŗȮĴŀĔ,/.7 
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ĨŅĶŅĚĪňŗȮ3  ŐĽħĚĕƟŀĔņľĬħėĺŅĴĨƟŅĬŐĶĚŀńħĨŗņĽŋħĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮ58-2533 

ėĺŅĴĨƟŅĬŐĶĚŀńħĨŗņĽŋħȮŏĴĔŃıŅĽėńĸ&ŏĜĸňŗĵěŅĔıŊŘĬĪňŗĶĺĴ' 

ėƞŅŏĜĸňŗĵěŅĔėŀĬĔĶňĨĭĸŖŀĔȮ5 ĔƟŀĬ ėŀĬĔĶňĨĭĸŖŀĔŐĨƞĸŃĔƟŀĬ 
2.5 2.0 

 

ĪňŗĴŅ: ŴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĴŀĔ,36-0311*ŵȮ
ĶŅĝĔŇěěŅĬŋŏĭĔļŅȮŏĸƞĴĪňŗȮ//5, ĨŀĬĪňŗȮ//7Ȯ&/.ȮĔĶĔġŅėĴȮ0311'Ȯ: 10 

 
5.3 ĮĶŇĴŅĦėĺŅĴĝŊŘĬ 
ĮĶŇĴŅĦėĺŅĴĝŊŘĬȮ&ŏĜıŅŃėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔĮĶŃŏĳĪĪňŗȮ1 ėĺĭėŋĴėĺŅĴĝŊŘĬ) 

ėĺŅĴĝŊŘĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔěŃĨƟŀĚŏĮƦĬœĮĨŅĴĨŅĶŅĚĪňŗȮ6 
 
ĨŅĶŅĚĪňŗȮ4  ŐĽħĚĕƟŀĔņľĬħĮĶŇĴŅĦėĺŅĴĝŊŘĬȮȮĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴ 

ĔŅĶľħĨńĺĪŅĚĵŅĺ 
&ĶƟŀĵĸŃ' 

ėĺŅĴĝŊŘĬĽŌĚĽŋħĶƟŀĵĸŃĕŀĚĔŅĶħŌħĔĸŊĬĬŘņĪńŘĚľĴħ 
&ŏĜĸňŗĵěŅĔėŀĬĔĶňĨĭĸŖŀĔȮ5 ĔƟŀĬ) 
ėĺŅĴĝŊŘĬĽńĴıńĪīƢĶŅĵĮƖŏĜĸňŗĵȮ&ĶƟŀĵĸŃ' 

ĬƟŀĵĔĺƞŅȮ50 50 - 75 ĴŅĔĔĺƞŅȮ75 
ĬƟŀĵĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ.,.1 35 40 45 
ĴŅĔĔĺƞŅȮ0.03 - 0.045 30 35 40 
ŒľĠƞĔĺƞŅȮ.,.23 25 30 35 

ľĴŅĵŏľĨŋ 
1) ĪħĽŀĭĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮȮĺŇīňĔŅĶĪħĽŀĭĔŅĶľħŐľƟĚĕŀĚėŀĬĔĶňĨĭĸŖŀĔ 
&ŒĬĔĶĦňĪňŗĵńĚœĴƞœħƟĮĶŃĔŅĻĔņľĬħĴŅĨĶģŅĬħńĚĔĸƞŅĺŒľƟŏĮƦĬœĮĨŅĴȮASTM C 426) 

2) ŀŅĻńĵĽĩŇĨŇĔŅĶĮĶŃĔŅĻĕŀĚĔĶĴŀŋĨŋĬŇĵĴĺŇĪĵŅȮĽņľĶńĭĽĩŅĬňĪňŗŒĔĸƟŐľĸƞĚįĸŇĨĴŅĔĪňŗĽŋħ 
ĪňŗĴŅ: ŴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚœĴƞĶńĭĬŘņľĬńĔȮĴŀĔ,36-0311*ŵȮ

ĶŅĝĔŇěěŅĬŋŏĭĔļŅȮŏĸƞĴĪňŗȮ//5, ĨŀĬĪňŗȮ//7Ȯ&/.ȮĔĶĔġŅėĴȮ0311'Ȯ: 10 
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ĮŌĬĞňŏĴĬĨƢȮ 
ĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮĮŌĬĞňŏĴĬĨƢȮȮœħƟĔĸƞŅĺĺƞŅȮĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢȮ&Portland cement) 

ĞŉŗĚĨƞŀœĮŒĬĴŅĨĶģŅĬĬňŘěŃŏĶňĵĔĺƞŅȮŴĮŌĬĞňŏĴĬĨƢŵȮľĴŅĵĩŉĚȮįĸŇĨĳńĦĤƢĪňŗĴňĸńĔļĦŃŏĮƦĬįĚȮœħƟěŅĔĔŅĶĭħ
ĮŌĬŏĴŖħĔńĭŐėĸŏĞňĵĴĞńĸŏĲĨĶŌĮŒħĶŌĮľĬŉŗĚľĶŊŀľĸŅĵĶŌĮ 

ĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢȮ ėŊŀȮĮŌĬĞňŏĴĬĨƢĮĶŃŏĳĪľĬŉŗĚĪňŗĬŇĵĴŒĝƟŐıĶƞľĸŅĵĪńŗĺőĸĔŒĬĚŅĬĔƞŀĽĶƟŅĚ
ĮƤěěŋĭńĬȮŏĮƦĬĺńĨĩŋħŇĭľĸńĔŒĬĔŅĶįĸŇĨėŀĬĔĶňĨĮŌĬĴŀĶƢĨŅĶƢ ŐĸŃĮŌĬĽŌĨĶıŇŏĻļĮĶŃŏĳĪĨƞŅĚŕȮĴňĽƞĺĬįĽĴ
ľĸńĔȮėŊŀȮľŇĬĮŌĬȮľŇĬħŇĬħŅĬȮħŇĬĸŌĔĶńĚȮŐĸŃĪĶŅĵȮĶĺĴĩŉĚĔŅĶŏıŇŗĴĽŅĶŀŊŗĬŕȮŏıŊŗŀĝƞĺĵĮĶńĭĮĶŋĚėŋĦĳŅı
ĕŀĚĮŌĬĞňŏĴĬĨƢȮŏĝƞĬȮĵŇĮĞńĴȮĽŅĶĮŀĞőĞĸŅĬȮĽŅĶĸħĬŘņȮŏĮƦĬĨƟĬȮĔŅĶįĸŇĨŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĭħĺńĨĩŋħŇĭŒľƟ
ŏĮƦĬįĚĸŃŏŀňĵħȮŐĸŃĬņœĮŏįŅĪňŗŀŋĦľĳŌĴŇĽŌĚěĬœħƟŏĴŖħĮŌĬĞňŏĴĬĨƢĞŉŗĚěŃĩŌĔĬņœĮĭħŏĮƦĬĮŌĬĞňŏĴĬĨƢįĚȮŏıŊŗŀ
ĭĶĶěŋŒĬĩŋĚľĶŊŀĕĬĽƞĚĪŅĚĵŅĬıŅľĬŃĨƞŀœĮ 

 

 
ĶŌĮĪňŗȮ17  ŐĽħĚĸńĔļĦŃĕŀĚĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ 
 
1. ĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ  

1.1 ĮĶŃŏĳĪĕŀĚĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ 
ĮĶŃŏĳĪĪňŗȮ1  ĮŌĬĞňŏĴĬĨƢĪňŗŒĝƟĪńŗĺœĮĪňŗœĴƞĨƟŀĚĔŅĶėŋĦĳŅııŇŏĻļȮėŊŀȮĮŌĬĞňŏĴĬĨƢ

ĮŀĶƢĨŐĸĬħƢīĶĶĴħŅľĶŊŀĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢĮĶŃŏĳĪľĬŉŗĚȮĞŉŗĚĝĬŇħĬňŘěŃŒĝƟĔńĭĚŅĬĔƞŀĽĶƟŅĚĪńŗĺœĮ 
ĞŉŗĚěŃŏĮƦĬĮŌĬĮŀĶƢĨŐĸĬħƢŐĭĭıŊŘĬģŅĬȮĚŅĬĪňŗŒĝƟĔŖěŃŏĮƦĬĚŅĬȮėŅĬėŀĬĔĶňĨȮŏĽŅŀŅėŅĶĪńŗĺœĮȮĩĬĬȮ
ĽŃıŅĬȮłĸł  

ĮĶŃŏĳĪĪňŗȮ2 ȮĮŌĬĞňŏĴĬĨƢĪňŗŒĝƟŏĴŊŗŀĨƟŀĚĔŅĶėĺŅĴĪĬĞńĸŏĲĨĮŅĬĔĸŅĚľĶŊŀŏĔŇħėĺŅĴ
ĶƟŀĬĮŅĬĔĸŅĚĕĦŃĪņĮĢŇĔŇĶŇĵŅĔńĭĬŘņȮėŊŀȮĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢħńħŐĮĸĚľĶŊŀĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ
ĮĶŃŏĳĪĽŀĚȮ ěŃŏĮƦĬĮŌĬĝĬŇħĪňŗĴňėĺŅĴĪĬĪŅĬĨƞŀĞńĸŏĲĨĮŅĬĔĸŅĚȮőħĵĴŅĔěŃŒĝƟĔńĭĚŅĬőėĶĚĽĶƟŅĚȮ
ĕĬŅħŒľĠƞŒĬıŊŘĬĪňŗőħĬĬŘņŏėŖĴĪňŗĴňĶŃħńĭėƞŀĬĕƟŅĚȮŀĵƞŅĚŏĝƞĬȮĚŅĬĨŀĴƞŀĽŃıŅĬȮ ŏĕŊŗŀĬȮŏĮƦĬĨƟĬ  

https://www.scgbuildingmaterials.com/th/LivingIdea/NewBuild/Mortar-Cement.aspx


  31 

ĮĶŃŏĳĪĪňŗȮ3  ĮŌĬĞňŏĴĬĨƢĪňŗŒĝƟŏĴŊŗŀĨƟŀĚĔŅĶėƞŅėĺŅĴĨƟŅĬŐĶĚŀńħĽŌĚœħƟŏĶŖĺȮėŊŀȮ
ĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢĝĬŇħŐĕŖĚĨńĺŏĶŖĺľĶŊŀĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢĮĶŃŏĳĪĽŅĴȮĮŌĬĝĬŇħĬňŘěŃŐĕŖĚĨńĺ
ŐĸŃĶńĭŐĶĚȮœħƟŏĶŖĺĔĺƞŅĮŌĬĞňŏĴĬĨƢĝĬŇħŀŊŗĬȮĞŉŗĚěŃŒĝƟĔńĭĚŅĬĪňŗĨƟŀĚĔŅĶėĺŅĴŏĶŖĺľĶŊŀĚŅĬŏĶƞĚħƞĺĬŏĮƦĬıŇŏĻļȮ
ėŊŀĨƟŀĚĪņŏĽĶŖěŏĶŖĺȮĩŀħȮĶŊŘŀȮŏĶŖĺȮŀĵƞŅĚĚŅĬȮĚŅĬĪņŏĽŅŏĕŖĴȮıŊŘĬĽņŏĶŖěĶŌĮȮŏĮƦĬĨƟĬ 

ĮĶŃŏĳĪĪňŗȮ4  ĮŌĬĞňŏĴĬĨƢĪňŗŒĝƟŏĴŊŗŀĨƟŀĚĔŅĶėĺŅĴĶƟŀĬĨŗņĕĦŃĪņĮĢŇĔŇĶŇĵŅĔńĭĬŘņȮėŊŀȮ
ĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢĝĬŇħŏĔŇħėĺŅĴĶƟŀĬĨŗņľĶŊŀĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢĮĶŃŏĳĪĽňŗȮĮŌĬĝĬŇħĬňŘěŃŒĝƟĚŅĬ
ĽņľĶńĭĚŅĬėŋĦĽĴĭńĨŇıŇŏĻļȮŀĵƞŅĚȮŏĕŊŗŀĬĔńŘĬĬŘņȮĪňŗĨƟŀĚėĺĭėŋĴŀŋĦľĳŌĴŇĪňŗěŃŏĔŇħĕŉŘĬĶŃľĺƞŅĚĬŘņĔńĭĮŌĬȮ
ħƟĺĵĔŅĶŀŀĔŐĭĭŒľƟŏĔŇħėĺŅĴĶƟŀĬŒĬĔŅĶŐĕŖĚĨńĺĬƟŀĵȮĞŉŗĚěŃĽƞĚįĸŒľƟėŀĬĔĶňĨĪňŗĽĶƟŅĚĬńŘĬěŃœĴƞŐĨĔľĶŊŀ
ĶƟŅĺĚƞŅĵȮħńĚĬńŘĬěŉĚěŃĨƟŀĚŒĝƟĮŌĬĞňŏĴĬĨƢĝĬŇħŏĔŇħėĺŅĴĶƟŀĬĨŗņ 

ĮĶŃŏĳĪĪňŗȮ5  ĮŌĬĞňŏĴĬĨƢĪňŗŒĝƟŏĴŊŗŀĨƟŀĚĔŅĶėĺŅĴĪĬĞńĸŏĲĨĽŌĚȮėŊŀȮĮŌĬĞňŏĴĬĨƢĮŀĶƢĨ
ŐĸĬħƢĝĬŇħĨƟŅĬĪŅĬĞńĸŏĲĨœħƟĽŌĚľĶŊŀĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢĮĶŃŏĳĪľƟŅȮĮŌĬĝĬŇħĬňŘěŃĴňėŋĦĽĴĭńĨŇ
ĨƟŅĬĪŅĬĨƞŀĞńĸŏĲĨĽŌĚȮĞŉŗĚıŊŘĬĪňŗŒĬĔŅĶĔƞŀĽĶƟŅĚĪňŗĴňĞńĸŏĲĨȮĪňŗĽŌĚȮěŃŏĮƦĬıĺĔȮĚŅĬĨŀĴƞŀľĶŊŀŏĽŅŒĬ
ĭĶŇŏĺĦĪňŗŀĵŌƞŒĔĸƟĝŅĵĪŃŏĸȮľĶŊŀȮĽĳŅıħŇĬĪňŗŏėŖĴ  

 
1.2 ŀĚėƢĮĶŃĔŀĭĕŀĚĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ  
ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚĮŌĬĞňŏĴĬĨƢŏĮƦĬĽŇŗĚĽņėńĠĪňŗėĺĶĻŉĔļŅŏıŊŗŀŒľƟĽŅĴŅĶĩŏĕƟŅŒě

ĩŉĚėŋĦĽĴĭńĨŇĨƞŅĚ ŕȮĕŀĚĮŌĬĞňŏĴĬĨƢŐĸŃŏĸŊŀĔŒĝƟĮŌĬĞňŏĴĬĨƢœħƟŀĵƞŅĚĩŌĔĨƟŀĚŏľĴŅŃĽĴĔńĭĚŅĬĞŉŗĚŀŀĔœĞħƢ
ľĸńĔȮȮ&Major  Oxides)  œħƟŐĔƞȮȮŐėĸŏĞňĵĴŀŀĔœĞħƢȮ(CaO)  ĞŇĸŇĔŅȮ(SiO2)ȮȮŀĸŌĴŇĬŅȮ&Al2O3)ȮȮŐĸŃ
ŏĲŀĶƢĶŇĔŀŀĔœĞħƢȮ&Fe2O3)  ŀŀĔœĞħƢĪńŘĚȮ4 ĝĬŇħĬňŘȮȮĶĺĴĔńĬœħƟĶƟŀĵĸŃĔĺƞŅȮ90 ĕŀĚĮŌĬĞňŏĴĬĨƢȮĽƞĺĬĪňŗ
ŏľĸŊŀŏĮƦĬŀŀĔœĞħƢĶŀĚȮ(Minor Oxides)  œħƟŐĔƞȮȮŐĴĔĬňŏĞňĵĴŀŀĔœĞħƢȮ(MgO)ȮŀŀĔœĞħƢŀńĸėŅœĸȮ&Na2O 
ŐĸŃȮK2O)ȮȮŐĸŃĞńĸŏĲŀĶƢœĨĶŀŀĔœĞħƢȮ&SO3)  ĬŀĔěŅĔĬňŘĵńĚĴňĽŇŗĚŐĮĸĔĮĸŀĴĕŀĚĽƞĺĬĮĶŃĔŀĭŀŊŗĬĞŉŗĚěŃ
ěńħĶĺĴŀĵŌƞŒĬĶŌĮĕŀĚĔŅĶĽŌĠŏĽňĵĬŘņľĬńĔŏĬŊŗŀĚěŅĔĔŅĶŏįŅȮ&Loss on Ignition) ŐĸŃĔŅĔĪňŗœĴƞĸŃĸŅĵŒĬ
ĔĶħŐĸŃħƞŅĚȮ&Insoluble Residue) 
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ĨŅĶŅĚĪňŗȮ5 ŐĽħĚŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ  
 
ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴň ĶƟŀĵĸŃőħĵĬŘņľĬńĔ 

CaO 60.0 - 67.0 
SiO2 17.0 - 25.0 
Al2O3 3.0 - 8.0 
Fe2O3 0.5 - 6.0 
MgO 0.1 - 1.8 
Na2O 0.1 - 1.8 
K2O 0.1 - 1.8 
SO3 0.5 - 3.0 

ĽŅĶĮĶŃĔŀĭŀŊŗĬŕ 0.5 - 3.0 
ĔŅĶĽŌĠŏĽňĵĬŘņľĬńĔěŅĔĔŅĶŏįŅȮ&LOI) 0.1 - 3.0 
ĔŅĔĪňŗœĴƞĸŃĸŅĵŒĬĔĶħŐĸŃħƞŅĚ 0.20 - 0.75 
ĪňŗĴŅ:  (ĮĶŇĠĠŅȮȮěŇĬħŅĮĶŃŏĽĶŇģȮŐĸŃȮĝńĵȮěŅĨŋĶıŇĪńĔļƢĔŋĸ, 2549) 
 
2. ĮŌĬĞňŏĴĬĨƢįĽĴ 
ĮŌĬĞňŏĴĬĨƢįĽĴľĶŊŀĮŌĬĞňŏĴĬĨƢĞŇĸŇĔŅȮ&Mixed  Cement  ľĶŊŀȮȮSilica  Cement) œħƟěŅĔ

ĔŅĶĭħĮŌĬŏĴŖħĔńĭĺńĽħŋŏĜŊŗŀĵěņıĺĔĪĶŅĵȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮȮĞŇĸŇĔŅȮȮľĶŊŀĭħĶƞĺĴĔńĭľŇĬĮŌĬĪňŗŏĜŊŗŀĵĨƞŀ
ĔŅĶĪņĮĢŇĔŇĶŇĵŅȮȮĮĶŇĴŅĦĺńĽħŋŏĜŊŗŀĬĪňŗŒĝƟĮĶŃĴŅĦĶƟŀĵĸŃȮ20 ĩŉĚȮ30 őħĵĬŘņľĬńĔĪņŒľƟĮŌĬĞňŏĴĬĨƢȮĴň
ĶŅėŅĩŌĔĸĚȮȮĶŃĵŃŏĺĸŅĔŅĶĔƞŀĨńĺĬŅĬĕŉŘĬȮȮĔŅĶŏĵŇŘĴĬŘņĨŗņŐĸŃĔŅĶĔħĨńĺŏĴŊŗŀŐľƟĚĬƟŀĵĸĚȮȮěŉĚĝƞĺĵĸħĔŅĶ
ŐĨĔĶƟŅĺĕŀĚįŇĺȮŏľĴŅŃĽņľĶńĭŒĝƟŒĬĚŅĬĮŌĬĔƞŀľĶŊŀĮŌĬĜŅĭŏıĶŅŃěŃœħƟĴňŏĺĸŅŒĬĔŅĶĪņĚŅĬĬŅĬĕŉŘĬȮȮ
ŐĨƞĕƟŀėĺĶĶŃĺńĚĽņľĶńĭĮŌĬĞňŏĴĬĨƢĮĶŃŏĳĪĬňŘȮėŊŀȮĴňĔņĸńĚĨŗņĔĺƞŅĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ ĮĶŃŏĳĪĪňŗȮ1 
őħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŒĬĝƞĺĚŀŅĵŋĨƟĬŕȮěŉĚœĴƞėĺĶŒĝƟŒĬĔŅĶĔƞŀĽĶƟŅĚŀŅėŅĶľĸńĔȮŏĝƞĬȮıĺĔŏĽŅȮėŅĬȮȮıŊŘĬȮȮ
ľĶŊŀĶŅĔģŅĬĕŀĚŀŅėŅĶȮȮĬŀĔěŅĔĬňŘŀŅĵŋĔŅĶŒĝƟĚŅĬĕŀĚŀŅėŅĶěŃĬŀĵĔĺƞŅĪňŗėĺĶěŃŏĮƦĬŏıĶŅŃĴňŏĬŊŘŀĮŌĬ
ĬƟŀĵĔĺƞŅĮĔĨŇȮȮĮŌĬĞňŏĴĬĨƢĮĶŃŏĳĪĬňŘĪňŗįĸŇĨěņľĬƞŅĵŒĬĮĶŃŏĪĻœĪĵȮŏĝƞĬȮĮŌĬĨĶŅŏĽŊŀȮȮĮŌĬĨĶŅĪňıňœŀĽň
ŏĕňĵĺȮŏĮƦĬĨƟĬ 
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ĴĺĸįĽĴėŀĬĔĶňĨ 
ľŇĬĵƞŀĵȮȮĔĶĺħȮȮŐĸŃĪĶŅĵȮȮĪňŗŒĝƟŒĬĚŅĬĔƞŀĽĶƟŅĚȮĶĺĴŏĶňĵĔĺƞŅȮĺńĽħŋįĽĴȮ&Aggregates) ĞŉŗĚŏĮƦĬ

ıĺĔŐĶƞīŅĨŋŏĜŊŗŀĵȮ&Inert Materials) ĪňŗœĴƞĪņĮĢŇĔŇĶŇĵŅĔńĭĞňŏĴĬĨƢŏĪĽĪƢȮĺńĽħŋįĽĴŀŅěœħƟěŅĔīĶĶĴĝŅĨŇȮ
œħƟŐĔƞȮľŇĬŀńėĬňȮȮľŇĬĝńŘĬŐĸŃľŇĬŐĮĶȮȮľĶŊŀĪņŏĪňĵĴĕŉŘĬŏĝƞĬĺńĽħŋįĽĴĨŃĔĶńĬŏĨŅĩĸŋĚȮȮĞŉŗĚŏĮƦĬĔŅĔľĶŊŀ
ĨŃĔĶńĬĪňŗœħƟěŅĔĔŅĶľĸƞŀőĸľŃȮŐĸƟĺĬņĴŅĭħŒľƟœħƟĕĬŅħĨŅĴĪňŗĨƟŀĚĔŅĶȮȮĺńĽħŋįĽĴŀŅěŏĶňĵĔĺƞŅŏĮƦĬĨńĺ
ŐĪĶĔȮ&Filler  Materials'ȮŒĬŏĬŊŘŀėŀĬĔĶňĨĔŖœħƟŏıĶŅŃŒĬŏĬŊŘŀėŀĬĔĶňĨĴňľŇĬȮȮĪĶŅĵȮȮįĽĴŀĵŌƞŏĮƦĬĽƞĺĬ
ŒľĠƞĮĶŃĴŅĦĽŅĴŒĬĽňŗĽƞĺĬȮȮŐĸŃőħĵĪňŗĶŅėŅĕŀĚĺńĽħŋįĽĴĩŌĔĔĺƞŅĕŀĚĮŌĬĞňŏĴĬĨƢȮȮħńĚĬńŘĬȮĺńĽħŋįĽĴěŉĚĴň
ĽƞĺĬĪņŒľƟœħƟėŀĬĔĶňĨĶŅėŅĩŌĔ 

 
1. ĴĺĸįĽĴ 

1.1 ĴĺĸįĽĴĸŃŏŀňĵħȮȮ 
ĴĺĸįĽĴĸŃŏŀňĵħȮȮľĴŅĵĩŉĚȮȮĪĶŅĵĞŉŗĚŏĮƦĬĺńĽħŋįĽĴĪňŗĴňĕĬŅħŏĸŖĔĔĺƞŅȮ4.5 ĴĴ. ľĶŊŀ

ĪňŗĽŅĴŅĶĩĸŀħįƞŅĬĨŃŐĔĶĚĶƞŀĬĴŅĨĶģŅĬŏĭŀĶƢȮ4  ŐĨƞĪńŘĚĬňŘĨƟŀĚĴňĕĬŅħœĴƞŏĸŖĔĔĺƞŅȮ0.07 ĴĴ, 
ĴĺĸįĽĴĪňŗŏĸŖĔĔĺƞŅĬňŘȮŏĶňĵĔĺƞŅȮİŋƙĬȮ(Silt  ľĶŊŀȮȮClay) 

ĪĶŅĵȮȮĮĔĨŇŏĮƦĬľŇĬĝńŘĬĪňŗŏĔŇħĕŉŘĬŏŀĚĨŅĴīĶĶĴĝŅĨŇȮȮőħĵĔŅĶŐĮĶĶŌĮľĶŊŀĔŃŏĪŅŃŐĭƞĚĽƞĺĬĴŅ
ěŅĔľŇĬŐĸŃĔĶĺħȮȮŏĝƞĬȮȮĩŌĔĔĶŃŐĽĬŘņŒĬĸņīŅĶŐĴƞĬŘņıńħıŅœľĸĽĸńĭĔĸńĭœĮĔĸńĭĴŅěĬŐĨĔĸŃŏŀňĵħ
ŏĮƦĬįĚȮŐĸŃĴňĕĬŅħĨƞŅĚĔńĬȮȮŐĶƞīŅĨŋĪňŗĮĶŃĔŀĭŏĮƦĬĪĶŅĵĽƞĺĬĴŅĔŏĮƦĬėĺŀĶƢĪľĶŊŀœĴĔŅȮȮĪĶŅĵĪňŗŏĔŇħ
ŏŀĚĭĬĭĔĪňŗĕŋħœħƟĭĬıŊŘĬħŇĬȮŏĶňĵĔĺƞŅȮ ĪĶŅĵĭĔ ȮȮĪňŗŏĔŇħěŅĔĸņīŅĶŐĴƞĬŘņȮȮŏĶňĵĔĺƞŅȮȮ ĪĶŅĵŐĴƞĬŘņ ȮȮĪňŗ
ŏĔŇħěŅĔĪŃŏĸŏĶňĵĔĺƞŅȮ ĪĶŅĵĬŘņŏėŖĴ ȮȮĪĶŅĵĪňŗŒĝƟŒĬĚŅĬėŀĬĔĶňĨȮœħƟŐĔƞȮĪĶŅĵĸŃŏŀňĵħŏĴŖħŏĸŖĔȮ&ĪĶŅĵ
ŀĵŋīĵŅ'ȮȮĕĬŅħȮ0.5 - 1.5 ĴĴ,ȮȮŒĝƟŒĬĚŅĬĮŌĬĔƞŀȮȮĮŌĬĜŅĭȮȮĪĶŅĵŏĴŖħĔĸŅĚȮ&ĪĶŅĵŀƞŅĚĪŀĚ'ȮĕĬŅħ 
1 - 2  ŐĸŃȮ3 ĴĴ,ȮŒĝƟŒĬĚŅĬŏĪėŀĬĔĶňĨȮȮĮŌĬĔƞŀĪňŗĨƟŀĚĶńĭŐĶĚȮȮĮŌĬĜŅĭįĬńĚŒĨƟħŇĬȮȮıŊŘĬȮȮėŅĬȮȮŐĸŃĚŅĬ
ėŀĬĔĶňėĪńŗĺœĮȮȮĪĶŅĵľĵŅĭŏĴŖħŒľĠƞȮȮ&ĪĶŅĵĶŅĝĭŋĶňȮȮĽŇĚľƢĭŋĶň'ȮȮĕĬŅħȮȮ2-4  ĴĴ,ȮȮŒĝƟĚŅĬėŀĬĔĶňĨ 
ŏĪıŊŘĬȮȮģŅĬĶŅĔȮłĸłȮȮŐĸŃŒĬĪňŗĪňŗĨƟŀĚĔŅĶŒľƟĶńĭŐĶĚŀńħĴŅĔŕ 

1.2 ĴĺĸįĽĴľĵŅĭ 
ĴĺĸįĽĴľĵŅĭȮȮŏĮƦĬĺńĽħŋĪňŗĴňĕĬŅħĨńŘĚŐĨƞȮ4.5  ĴĴ,ĕŉŘĬœĮȮȮľĶŊŀĪňŗœĴƞĽŅĴŅĶĩĸŀħįƞŅĬȮ

ĨŃŐĔĶĚĶƞŀĬĴŅĨĶģŅĬŏĭŀĶƢȮ4œħƟŐĔƞȮĔĶĺħȮȮľŇĬĵƞŀĵȮȮľĶŊŀľŇĬőĴƞ 
ľŇĬĵƞŀĵĪňŗŒĝƟŒĬĔŅĶĔƞŀĽĶƟŅĚȮŏĝƞĬȮŒĝƟĪņėŀĬĔĶňĨĪņĩĬĬȮȮĽƞĺĬĴŅĔĶŃŏĭŇħŏŀŅĴŅěŅĔĳŌŏĕŅȮȮ

ľŇĬĪƞĶŃŏĭŇħŀŀĔĴŅȮĴňĕĬŅħŒľĠƞĽŋħœĴƞŏĔŇĬȮ38 x 50 ĞĴ,ȮȮŐĸƟĺěŉĚĬņĴŅĵƞŀĵħƟĺĵŏėĶŊŗŀĚĵƞŀĵľŇĬŀňĔĪň
ľĬŉŗĚȮȮŐľĸƞĚįĸŇĨľŇĬŒĬĮĶŃŏĪĻœĪĵȮȮœħƟŐĔƞȮȮěńĚľĺńħĽĶŃĭŋĶňȮȮĸıĭŋĶňȮĶŅĝĭŋĶňȮȮĞŉŗĚľŇĬĵƞŀĵĪňŗœħƟĽƞĺĬŒľĠƞ
ŏĮƦĬľŇĬĮŌĬ  
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ĶŌĮĪňŗȮ18  ŐĽħĚĸńĔļĦŃĕŀĚĪĶŅĵľĵŅĭ 
 

 
ĶŌĮĪňŗȮ19  ŐĽħĚĸńĔļĦŃĕŀĚľŇĬİŋƙĬ 
 
2. ėŋĦĽĴĭńĨŇĕŀĚĴĺĸįĽĴ 
ėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıĕŀĚĴĺĸįĽĴĴňŀŇĪīŇıĸĨƞŀėŋĦĳŅıĕŀĚėŀĬĔĶňĨȮȮĽńħĽƞĺĬįĽĴĕŀĚ

ėŀĬĔĶňĨȮŐĸŃĶŅėŅĕŀĚėŀĬĔĶňĨȮȮľŇĬȮȮĪĶŅĵȮȮĪňŗěŃĬņĴŅŒĝƟŏĮƦĬĽƞĺĬįĽĴĕŀĚėŀĬĔĶňĨĨƟŀĚĽŃŀŅĔŐĕŖĚ
ŐĔĶƞĚȮȮĪĬĪŅĬȮȮĴňŏľĸňŗĵĴėĴȮȮœĴƞĕĵŅĵĨńĺĴŅĔȮȮĴňĽŅĶľĶŊŀĽŇŗĚĽĔĮĶĔĪňŗĪņŒľƟėŀĬĔĶňĨŏĽŊŗŀĴėŋĦĳŅı
ĬƟŀĵĪňŗĽŋħȮȮĴňĽƞĺĬĕĬŅħėĸŃŀĵŌƞĳŅĵŒĬıŇĔńħĔņľĬħĽŇŗĚĨƞŅĚŕȮħńĚĔĸƞŅĺȮěŃĝƞĺĵŒľƟœħƟėŀĬĔĶňĨĪňŗĴňŏĬŊŘŀŐĬƞĬȮȮ
ĽĴŗņŏĽĴŀȮȮėŋĦĳŅıħňȮȮŐĸŃĮĶŃľĵńħȮȮĺńĽħŋįĽĴĪňŗœĴƞėĺĶĬņĴŅŒĝƟĪņėŀĬĔĶňĨȮœħƟŐĔƞȮȮĺńĽħŋįĽĴĪňŗŀƞŀĬȮȮ
ĮƙĬĚƞŅĵȮȮıĶŋĬȮȮŐĸŃŐĵĔŏĮƦĬĝŇŘĬȮŕȮ 
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2.1 ėĺŅĴŐĕŖĚŐĔĶƞĚȮ(Strength) 
ĴĺĸįĽĴĨƟŀĚĴňėĺŅĴĽŅĴŅĶĩĶńĭĬŘņľĬńĔĔħŀńħœħƟœĴƞĬƟŀĵĔĺƞŅĔņĸńĚĶńĭŐĶĚŀńħĪňŗ

ĨƟŀĚĔŅĶĕŀĚėŀĬĔĶňĨȮȮľŇĬĪňŗŒĝƟĪņėŀĬĔĶňĨőħĵĪńŗĺœĮĩƟŅŏĮƦĬľŇĬĪňŗĴŇœħƟĩŌĔĪņŒľƟŏĮĸňŗĵĬŐĮĸĚőħĵĽĳŅı
ħŇĬĲƚŅŀŅĔŅĻěŃħňıŀĽņľĶńĭįĽĴėŀĬĔĶňĨŏıĶŅŃĔņĸńĚĶńĭŐĶĚŀńħĕŀĚľŇĬĪńŗĺœĮĽŌĚĔĺƞŅĔņĸńĚĶńĭŐĶĚŀńħ
ĕŀĚėŀĬĔĶňĨĴŅĔȮėĺŅĴĨƟŅĬĪŅĬŐĶĚŀńħĕŀĚľŇĬĴňėƞŅĮĶŃĴŅĦȮ700 - 3,500 ĔĔ,-ĨĶ,Ĵ 

2.2 ėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĽŉĔĔĶƞŀĬȮ&Abrasion  Resistance) 
ėĺŅĴĪĬĪŅĬĨƞŀĔŅĶĽŉĔĔĶƞŀĬȮ&Abrasion  Resistance) ŏĮƦĬĨńĺĝňŘĭŀĔĩŉĚėŋĦĳŅı

ĕŀĚȮľŇĬĪňŗěŃĬņĴŅŒĝƟĚŅĬȮȮľŇĬĪňŗħňĨƟŀĚĪĬĪŅĬĨƞŀĔŅĶĔĶŃŐĪĔŐĸŃŏĽňĵħĽňĴŅĔŕœħƟ 
2.3 ėĺŅĴĪĬĪŅĬĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇ 
ėĺŅĴĪĬĪŅĬĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇ  ŏĮƦĬėŋĦĽĴĭńĨŇĪňŗĴňėĺŅĴĽńĴıńĬīƢȮĔńĭ

ėĺŅĴıĶŋĬȮŐĸŃŀņĬŅěĔŅĶħŌħĞŉĴĕŀĚĴĺĸįĽĴȮȮĴĺĸįĽĴĨƟŀĚĴňĶŌıĶŋĬıŀĪňŗĬņěŃħŌħĞŉĴĬŘņȮĴňĝƞŀĚĺƞŅĚȮ
ıŀĪňŗěŃŒľƟĬŘņĕĵŅĵĨńĺœħƟŒĬŀŅĔŅĻľĬŅĺȮĴŇĜŃĬńŘĬȮěŃĪņŒľƟėŀĬĔĶňĨŐĨĔĶƟŅĺœħƟ 

2.4 ėĺŅĴėĚĨńĺĨƞŀĮĢŇĔŇĶŇĵŅŏėĴňȮ(Chemical  Stability) 
ĴĺĸĶĺĴěŃĨƟŀĚœĴƞĪņĮĢŇĔŇĶŇĵŅȮĔńĭŏėĴňĕŀĚĮŌĬĞňŏĴĬĨƢȮľĶŊŀĔńĭĽŇŗĚŐĺħĸƟŀĴĳŅĵĬŀĔȮ

ŒĬĭŅĚıŊŘĬĪňŗĴĺĸĭŅĚĮĶŃŏĳĪěŃĪņĮĢŇĔŇĶŇĵŅĔńĭħƞŅĚȮ&Alikalis) ŒĬĮŌĬĞňŏĴĬĨƢȮȮŏĔŇħŏĮƦĬĺŋƟĬŐĸŃĕĵŅĵĨńĺ
ĔƞŀŒľƟŏĔŇħĶŀĵĶƟŅĺőħĵĪńŗĺœĮŒĬėŀĬĔĶňĨĞŉŗĚŏĶňĵĔĮĢŇĔŇĶŇĵŅĬňŘĺƞŅȮȮAlikalis-Aggregate Reaction &AAR) 

2.5 ĸńĔļĦŃĕŀĚįŇĺȮ(Partcle Shape and Surface Texture) 
ĸńĔļĦŃĕŀĚįŇĺȮ(Partcle Shape and Surface Texture)  ĴňėĺŅĴĽņėńĠĨƞŀĔŅĶȮ

ėĺĭėŋĴȮ"ėĺŅĴĽŅĴŅĶĩŏĪœħƟ"ȮĕŀĚėŀĬĔĶňĨĪňŗįĽĴŒľĴƞŕȮĴĺĸįĽĴĪňŗŒĝƟėĺĶĴňĸńĔļĦŃŏĮĬŐĚƞĴňŏľĸňŗĵĴėĴȮȮ
ĺńĽħŋĔƟŀĬĔĸĴĝƞĺĵŒľƟĪņĚŅĬĚƞŅĵŐĸŃĮĶŃľĵńħȮŏıĶŅŃĨƟŀĚĔŅĶĮŌĬĞňŏĴĬĨƢŐĸŃĬŘņŒĬĽƞĺĬįĽĴĬƟŀĵĔĺƞŅ
ĺńĽħŋįĽĴĪňŗĴňĔƟŀĬŏĮƦĬŐĚƞŏĮƦĬĴŋĴȮŐĨƞŐĶĚĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚĔƟŀĬĔńĭĞňŏĴĬĨƢŏıĸĽĨŗņĔĺƞŅȮĺńĽħŋįĽĴĪňŗĴňįŇĺ
ľĵŅĭľĶŊŀħƟŅĬěŃĝƞĺĵŒľƟĴňŐĶĚĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚĔƟŀĬħňĕŉŘĬ 

2.6 ėĺŅĴĽŃŀŅħȮ&Cleanliness) 
ĴĺĸįĽĴĨƟŀĚĽŃŀŅħĮĶŅĻěŅĔĽŇŗĚĽĔĮĶĔľĶŊŀĽŅĶĪňŗěŃĪņŒľƟėŀĬĔĶňĨŏĽŊŗŀĴėŋĦĳŅı 

2.7 ėĺŅĴĸħľĸńŗĬĕŀĚĕĬŅħľĶŊŀĽƞĺĬĕĬŅħėĸŃȮ&Gradation) 
ĴĺĸįĽĴĪňŗŒĝƟįĽĴĪņėŀĬĔĶňĨȮĨƟŀĚĴňėĺŅĴĸħľĸńŗĬĕŀĚĕĬŅħĨŅĴŏĔĦĤƢĔņľĬħ 

ĞŉŗĚěŃĝƞĺĵŒľƟĴĺĸįĽĴĬńŘĬŏĶňĵĚĨńĺĔńĬœħƟŐĬƞĬŐĸŃĴňĝƞŀĚĺƞŅĚĬƟŀĵȮȮĝƞĺĵŒľƟĪņĚŅĬœħƟĚƞŅĵ  ĮĶŇĴŅĦ
ĮŌĬĞňŏĴĬĨƢĪňŗěŃĨƟŀĚŒĝƟĔŖĬƟŀĵĸĚȮȮėŊŀȮŏıňĵĚıŀĪňŗěŃŏėĸŊŀĭįŇĺĴĺĸįĽĴĪńŘĚľĴħȮȮŐĸŃŏĨŇĴŏĨŖĴĝƞŀĚĺƞŅĚĪňŗ
ŏľĸŊŀŀĵŌƞŏıŊŗŀŏĝŊŗŀĴŒľƟĺńĽħŋĵŉħĨŇħĔńĬȮĪņŒľƟėŀĬĔĶňĨĴňĶŅėŅĩŌĔĸĚ  
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3. ĬŘņ 
ĬŘņŏĮƦĬĽƞĺĬįĽĴĽņėńĠŒĬĔŅĶĪņėŀĬĔĶňĨȮȮĬŀĔěŅĔĬňŘĵńĚĴňĭĪĭŅĪĪňŗĽņėńĠĨƞŀĚŅĬ

ėŀĬĔĶňĨħƟŅĬŀŊŗĬȮŏĝƞĬȮŒĝƟĬŘņŒĬĔŅĶĭƞĴėŀĬĔĶňĨȮȮŏıŊŗŀŒľƟĮĢŇĔŇĶŇĵŅœŁŏħĶĝńĬŏĔŇħœħƟĽĴĭŌĶĦƢĕŉŘĬŐĸŃ 
ŒĬĔĶĦňĪňŗĴĺĸĶĺĴĴňėĺŅĴĽĔĮĶĔěŃŒĝƟĬŘņĸƟŅĚĴĺĸĶĺĴŒľƟĴňėĺŅĴĽŃŀŅħıŀĽņľĶńĭĬņœĮŒĝƟĪņėŀĬĔĶňĨ
ĮƤĠľŅŏĶŊŗŀĚėŋĦĳŅıĬŘņĴńĔěŃœĴƞŏĔŇħĕŉŘĬĭƞŀĵĬńĔŏĬŊŗŀĚěŅĔĬŘņĪňŗŒĝƟĽƞĺĬŒľĠƞĴňėŋĦĳŅıŀĵŌƞŒĬĕńŘĬħň 
ŏĝƞĬȮĬŘņĮĶŃĮŅȮŏĮƦĬĨƟĬ  ĔġĪńŗĺœĮĽņľĶńĭĚŅĬėŀĬĔĶňĨȮėŊŀȮėĺĶŏĮƦĬĬŘņěŊħĪňŗĽŃŀŅħȮľĶŊŀĬŘņěŊħĪňŗħŊŗĴœħƟ
ŀĵƞŅĚœĶĔŖĨŅĴľŅĔœĴƞŐĬƞŒĬĺƞŅĬŘņĪňŗŒĝƟįĽĴėŀĬĔĶňĨĴňėŋĦĳŅıħňıŀľĶŊŀœĴƞȮĔŖĨƟŀĚĪņĔŅĶĪħĽŀĭĔƞŀĬ 

 
ėŋĦĽĴĭńĨŇĕŀĚėŀĬĔĶňĨĭĸŖŀĔ 

1. ĔŅĶľħĨńĺŐĭĭŐľƟĚȮ&Drying Shrinkage)  
ĔŅĶľħĨńĺŐĭĭŐľƟĚěŃŏĔŇħĕŉŘĬŒĬėŀĬĔĶňĨĪňŗŐĕŖĚĨńĺŐĸƟĺȮŐĸŃŀĵŌƞŒĬĽĳŅĺŃŀŅĔŅĻĪňŗĴň

ėĺŅĴĝŊŘĬĨŗņȮȮĪņŒľƟĭĶŇŏĺĦįŇħėŀĬĔĶňĨĪňŗĽńĴįńĽŀŅĔŅĻĽŌĠŏĽňĵėĺŅĴĝŊŘĬĳŅĵŒĬĝƞŀĚĺƞŅĚėŅĮƕĸĸŅĶňȮ
&Capillary  Pore)  ŐĸŃŏĔŇħĔŅĶŐĨĔĶƟŅĺěŅĔŅĶľħĨńĺȮȮĔŅĶľħĨńĺĪňŗŏĔŇħĕŉŘĬĬńŘĬœĴƞĽŅĴŅĶĩĔĸńĭėŊĬ
ĽĳŅıŏħŇĴœħƟ ŐĴƟěŃĪņŒľƟėŀĬĔĶňĨŏĮƖĵĔĝŊŘĬĕŉŘĬĴŅŒľĴƞȮ 

ĔŅĶŐĨĔĶƟŅĺĕŀĚėŀĬĔĶňĨŏĔŇħěŅĔŅĶľħĨńĺŐĭĭŐľƟĚȮőħĵěŃŏĔŇħĕŉŘĬĔńĭĭĶŇŏĺĦįŇĺĽńĴįńĽŀŅĔŅĻ
ĪňŗĴňėĺŅĴĝŊŘĬĨŗņĔĺƞŅėĺŅĴĝŊŘĬĳŅĵŒĬĝƞŀĚĺƞŅĚėŅĮƕĸĸŅĶňȮŏĬŊŗŀĚěŅĔĔŅĶĽŌĠŏĽňĵĬŘņőħĵĔŅĶĶŃŏľĵœĮĔńĭ
ŀŅĔŅĻȮĪņŒľƟŏĔŇħŐĶĚħŉĚŒĬĝƞŀĚĺƞŅĚėŅĮƕĸĸŅĶňĽŌĚĕŉŘĬȮŐĸŃĮĶŇĴŅĨĶĕŀĚėŀĬĔĶňĨĸħĸĚŀĵŌƞŒĬĽĳŅĺŃĩŌĔĵŉħ
ĶńŘĚȮĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶľħĨńĺŐĭĭŐľƟĚȮėŊŀȮĔŅĶĽŌĠŏĽňĵĬŘņŀŀĔěŅĔėŀĬĔĶňĨœĮĽŌƞĭĶĶĵŅĔŅĻŐĺħĸƟŀĴ 

 
2. ĔŅĶħŌħĞŉĴĬŘņȮ&Water Absorption) 
ĔŅĶħŌħĞŉĴĬŘņŏĮƦĬĽĴĭńĨŇĪňŗŒĝƟĭŀĔĮĶŇĴŅĦĝƞŀĚĺƞŅĚŒĬŏĬŊŘŀĺńĽħŋȮȮľĶŊŀėĺŅĴıĶŋĬĕŀĚĺńĽħŋĞŉŗĚ

ŐĽħĚŀĵŌƞŒĬĶŌĮĶƟŀĵĸŃĕŀĚĬŘņľĬńĔĪňŗħŌħĞŉĴŀĵŌƞĳŅĵŒĬĺńĽħŋőħĵŐĝƞĬŘņȮ24 ĝńŗĺőĴĚȮȮŐĸƟĺĬŘņĴŅĝńŗĚ
ŏĮĶňĵĭŏĪňĵĭĔńĭĬŘņľĬńĔŐľƟĚȮħńĚĽĴĔŅĶ 

[1] 
ŏĴŊŗŀ WA ėŊŀ ŏĮŀĶƢŏĞŖĬĨƢĔŅĶħŌħĞŉĴĬŘņ 

NW ėŊŀ ĴĺĸĕŀĚĺńĽħŋĪňŗŏĮƖĵĔȮ&kg) 
MD ėŊŀ ĴĺĸĕŀĚĺńĽħŋĪňŗŐľƟĚȮ&kg) 
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3. ėĺŅĴľĬŅŐĬƞĬȮ&Density) 
ėĺŅĴľĬŅŐĬƞĬŏĮƦĬĽĴĭńĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĺńĽħŋĺŇĻĺĔĶĶĴŏĴŊŗŀœĴƞĴňŐĶĚĳŅĵĬŀĔĴŅĔĶŃĪņȮ

ŐĸŃœĴƞŏĔňŗĵĺĕƟŀĚĔńĭĮĢŇĔŇĶŇĵŅŒħ ŕȮőħĵĪńŗĺœĮėĺŅĴľĬŅŐĬƞĬĕŀĚĽŅĶĴńĔěŃĭŀĔŏĮƦĬėĺŅĴľĬŅŐĬƞĬĴĺĸ
ŏĝŇĚĮĶŇĴŅĨĶȮħńĚĽĴĔŅĶ 

[2] 

ȮŏĴŊŗŀ  ėŊŀ ėĺŅĴľĬŅŐĬƞĬĴĺĸŏĝŇĚĮĶŇĴŅĨĶȮ&kg-m3) 
m ėŊŀ ĴĺĸĕŀĚĽŅĶľĶŊŀĺńĽħŋȮ&kg) 
v ėŊŀ ĮĶŇĴŅĨĶĕŀĚĽŅĶľĶŊŀĺńĽħŋȮ&m3) 

 
4. ĔŅĶĬņėĺŅĴĶƟŀĬȮ&Conduction) 
ĔĶŃĭĺĬĔŅĶĽņėńĠĪňŗĪņŒľƟŏĔŇħĔŅĶĬņėĺŅĴĶƟŀĬȮœħƟŐĔƞȮĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚőĴŏĸĔŋĸŒĬ

ĨńĺĔĸŅĚȮĔŅĶĬņėĺŅĴĶƟŀĬĬńŘĬĽŅĴŅĶĩĴŀĚœħƟĺƞŅŏĮƦĬĔŅĶĽƞĚĩƞŅĵıĸńĚĚŅĬĕŀĚŀĬŋĳŅėĽŅĶĪňŗĴňıĸńĚĚŅĬĽŌĚ
ĔĺƞŅȮœĮĵńĚŀĬŋĳŅėĪňŗĴňıĸńĚĚŅĬĨŗņĔĺƞȮȮŏĴŊŗŀŀĬŋĳŅėĪńŘĚĽŀĚĴŅĔĶŃĪĭĔńĬȮȮıĸńĚĚŅĬĪňŗĩŌĔĽƞĚĩƞŅĵȮėŊŀȮ
ıĸńĚĚŅĬėĺŅĴĶƟŀĬȮŐĸŃĔĶŃĭĺĬĔŅĶħńĚĔĸƞŅĺĪňŗŏĶňĵĔĺƞŅȮ ĔŅĶĬņėĺŅĴĶƟŀĬ ȮĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬĬňŘě
ŏĔŇħĕŉŘĬŒĬĪŇĻĪŅĚŏħňĵĺĔńĭĪŇĻĪŅĚĪňŗŀŋĦľĳŌĴŇĸħĸĚȮ 

4.1 ėƞŅĔŅĶĬņėĺŅĴĶƟŀĬȮ(Thermal Conductance.C' 
ėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚĺńĽħŋŒħ ŕȮėŊŀȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņ

ėĺŅĴĶƟŀĬȮĔńĭėĺŅĴľĬŅŐĬƞĬĕŀĚĺńĽħŋȮĞŉŗĚĽŅĴŅĶĩėņĬĺĦœħƟěŅĔĽĴĔŅĶĨƞŀœĮĬňŘ 

[3] 
ŏĴŊŗŀ C ėŊŀ ėƞŅėĺŅĴĬņėĺŅĴĶƟŀĬȮőħĵĴňľĬƞĺĵŏĮƦĬȮW/m0K 

K ėŊŀ ėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮW/m.K 

ȈX ėŊŀ ėĺŅĴľĬŅĕŀĚĺńĽħŋőħĵĴňľĬƞŀĵŏĮƦĬȮm. 
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ĶŌĮĪňŗȮ20  ŐĽħĚĸńĔļĦŃĕŀĚĔŅĶĬņėĺŅĴĶƟŀĬįƞŅĬįĬńĚĶŅĭ 
ĪňŗĴŅ8  http://cw.rmuti.ac.th 
 

4.2 ėƞŅĔŅĶĨƟŅĬĪŅĬėĺŅĴĶƟŀĬȮ&Resistance, R'Ȯ 
ėƞŅĔŅĶĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĺńĽħŋŒħȮŕȮėŊŀȮĽƞĺĬĔĸńĭĕŀĚėƞŅėĺŅĴĬņėĺŅĴĶƟŀĬ 

ĞŉŗĚėņĬĺĬœħƟħńĚĽĴĔŅĶĨƞŀœĮĬňŘ 

[4] 
ŏĴŊŗŀ R ėŊŀ ėƞŅĔŅĶĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňľĬƞĺĵŏĮƦĬȮm2 K/W 

C ėŊŀ ėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĴňľĬƞĺĵŏĮƦĬȮW/ m2 K 

ȈX ėŊŀ ėĺŅĴľĬŅĕŀĚĝŇŘĬĺńĽħŋĴňľĬƞĺĵŏĮƦĬȮm. 
K ėŊŀ ėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ&Conductivity ů W/m.K) 

 
4.3 ėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ(ThermalȮConductivity: k)  
ĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮľĶŊŀȮėƞŅȮŴȮk-T_jscŵȮĽŅĴŅĶĩĭŀĔĩŉĚėĺŅĴĽŅĴŅĶĩ

ŒĬĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚĺńĽħŋŏıňĵĚĝĬŇħŏħňĵĺȮőħĵĺńħėƞŅŒĬĶŌĮĕŀĚŀńĨĶŅĮĶŇĴŅĦėĺŅĴĶƟŀĬœľĸĨƞŀľĬƞĺĵ
ŏĺĸŅěŅĔȮěŋħĶŃĵŃĪŅĚľĬŉŗĚĩŉĚŀňĔěŋħľĬŉŗĚĪňŗĴňŀŋĦľĳŌĴŇŐĨĔĨƞŅĚĔńĬĨƞŀľĬƞĺĵȮľĬŉŗĚľĬƞĺĵėĺŅĴľĬŅ 
ŒĬĪŇĻĪŅĚĪňŗėĺŅĴĶƟŀĬœľĸįƞŅĬȮŐĸŃľĬƞĺĵĺńħŀŋĦľĳŌĴŇŏĮƦĬȮȮW/m.KȮľĶŊŀȮW/moC  őħĵĪňŗėƞŅ
ĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ&k-Value'ȮĕŀĚĺńĽħŋŐĨƞĸŃĝĬŇħěŃŐĨĔĨƞŅĚĔńĬĴŅĔȮŏĝƞĬȮĜĬĺĬŒĵŐĔƟĺĴňėƞŅ
0.03 W/m.K ĕŀĚĪŀĚŐħĚĴňėƞŅȮ384 W/m.K  
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ĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔȮȮĔŅĶěŃľŅėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬ
ĕŀĚėŀĬĔĶňĨĭĸŖŀĔ  ėĺĶŏĕƟŅŒěĩŉĚĮƤěěńĵĨƞŅĚȮŕȮĪňŗŀŅěĽƞĚįĸĨƞŀĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔȮȮȮ
ŏıĶŅŃŏĬŊŗŀĚěŅĔėŀĬĔĶňĨĭĸŖŀĔĬńŘĬŏĮƦĬĺńĽħŋŏĜıŅŃĪňŗĴňĸńĔļĦŃıŇŏĻļĪňŗœĴƞŏľĴŊŀĬĺńĽħŋŀŊŗĬȮŕȮħńĚĬňŘ 

1) őıĶĚŀŅĔŅĻȮȮėŀĬĔĶňĨĭĸŖŀĔŏĮƦĬĺńĽħŋĪňŗĴňĶŌĔĸĺĚŏĮƦĬőıĶĚŀŅĔŅĻȮőħĵĴňįĬńĚĔńŘĬőıĶĚŏĮƦĬ
ĨńĺŏĝŊŗŀĴŏĮĸŊŀĔĪńŘĚȮ2 ħƟŅĬŏĕƟŅħƟĺĵĔńĬȮőħĵěņĬĺĬĕŀĚőıĶĚŀŅĔŅĻĪňŗĴňĶŃĭŋœĺƟŒĬĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴȮ
ĴŀĔ,Ȯ58-2533 ĪňŗĴňĨńŘĚŐĨƞȮ/ȮůȮ1ȮĝƞŀĚȮȮŐĨƞĪňŗĴňŒĬĪƟŀĚĨĸŅħĽƞĺĬŒľĠƞěŃŏĮƦĬȮ3 ĝƞŀĚȮȮėŀĬĔĶňĨĭĸŖŀĔĪňŗĴň
ěņĬĺĬőıĶĚŀŅĔŅĻĬƟŀĵĔĺƞŅěŃĪņŒľƟœħƟĨńĺĨƟŅĬėĺŅĴĶƟŀĬŒľĠƞĔĺƞŅėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňěņĬĺĬőıĶĚ
ŀŅĔŅĻĴŅĔĔĺƞŅȮȮĞŉŗĚėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňěņĬĺĬőıĶĚŀŅĔŅĻĴŅĔĔĺƞŅĔŖěŃĴňŏĮĸŊŀĔĔńŘĬőıĶĚŏĮƦĬĨńĺĬņ
ėĺŅĴĶƟŀĬĴŅĔĔĺƞŅĨŅĴœĮħƟĺĵ 

2) ėĺŅĴľĬŅŏĮĸŊŀĔ  ėĺŅĴľĬŅŏĮĸŊŀĔĕŀĚėŀĬĔĶňĨĭĸŖŀĔĬńŘĬĶŃĭŋœĺƟĺƞŅĨƟŀĚĴňėĺŅĴľĬŅœĴƞ
ĨŗņĔĺƞŅȮ12 ĴĴ,ȮĞŉŗĚĪňŗĴňěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħĪńŗĺœĮěŃĴňėĺŅĴľĬŅŏĮĸŊŀĔĪňŗŐĨĔĨƞŅĚĔńĬĨŅĴŐĨƞįŌƟįĸŇĨȮ
ėĺŅĴľĬŅĕŀĚŏĮĸŊŀĔĬńŘĬĬŀĔěŅĔěŃĽƞĚįĸĨƞŀėƞŅĬŘņľĬńĔȮŐĸŃėĺŅĴĨƟŅĬŐĶĚŀńħȮĵńĚĽƞĚįĸĨƞŀĔŅĶĬņ
ėĺŅĴĶƟŀĬȮŀňĔħƟĺĵȮőħĵėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňėĺŅĴľĬŅŏĮĸŊŀĔĪňŗĴŅĔĔĺƞŅĔŖěŃĽƞĚįĸŒľƟĔŅĶĬņėĺŅĴĶƟŀĬœħƟ
ĨŗņĔĺƞŅȮėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňėĺŅĴľĬŅŏĮĸŊŀĔĪňŗĬƟŀĵĔĺƞŅ 

3) ĕĬŅħ  ĕĬŅħĕŀĚėŀĬĔĶňĨĭĸŖŀĔĪňŗŐĨĔĨƞŅĚĔńĬĔŖĴňĽƞĺĬĪņŒľƟĔŅĶĬņėĺŅĴĶƟŀĬĴňėƞŅĨƞŅĚĔńĬȮ
ŏıĶŅŃŏĬŊŗŀĚěŅĔĕĬŅħėŀĬĔĶňĨĭĸŖŀĔĪňŗŒľĠƞĕŉŘĬĔŖěŃĽƞĚįĸŒľƟőıĶĚŀŅĔŅĻĴňĕĬŅħŒľĠƞĕŉŘĬĨŅĴĸņħńĭȮ 

4) ėĺŅĴľĬŅŐĬƞĬȮȮėĺŅĴľĬŅŐĬƞĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔȮœĴƞœħƟĴňĶŃĭŋœĺƟŒĬĴŅĨĶģŅĬ
ŀŋĨĽŅľĔĶĶĴȮĴŀĔ,Ȯ58-2533ȮŐĨƞėĺŅĴľĬŅŐĬƞĬĬńŘĬĽƞĚįĸőħĵĨĶĚĨƞŀĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚĺńĽħŋȮ
ŏıĶŅŃĺƞŅĺńĽħŋĪňŗĴňėĺŅĴľĬŅŐĬƞĬĨŗņĔŅĶĬņėĺŅĴĶƟŀĬĔŖěŃĴňėƞŅĨŗņĔĺƞŅĺńĽħŋĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽŌĚ 
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ĨŅĶŅĚĪňŗȮ8 ŐĽħĚėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬ, ėƞŅĔŅĶĬņėĺŅĴĶƟŀĬ, ėƞŅĔŅĶĨƟŅĬĪŅĬ 
ėĺŅĴĶƟŀĬȮŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔĨŅĴĴŅĨĶģŅĬ 

 

ĶŅĵĔŅĶ 
Conductivity.k 
&W/m.K' 

Conductance.C 
&W/ m2 K' 

Resistance, R 
&m2 K/WȮ' 

Density 
&kg-m3) 

ĮĶŃĔŅĻĔĶŃĪĶĺĚıĸńĚĚŅĬȮŏĶŊŗŀĚ
ľĸńĔŏĔĦĤƢŐĸŃĺŇīňĔŅĶėņĬĺĬŒĬ
ĔŅĶŀŀĔŐĭĭŀŅėŅĶȮłĸłȮı,Ļ,Ȯ
0330 

0.546 - - 2210 

CIBSE Guide A 20/3 
- Dense Aggregate Concrete 

0,.4 - - 02.. 

MECHANICAL AND  
ELECTRICALȮEQUIPMENT  
FOR  BUILDING 
- 2 or 3 core. 200 mm core 

- 5.1 - 5.8 0.20 - 0.17 2020-2180 

MAC2 
- 8 in. - - 

1.9 (hrft2.0F/Btu) 
= 0.33 

1.9 (Lb/ft3) 
= 2162 

NCMA3 
- 4 in. 

- - 
1.6 (hrft2.0F/Btu) 

= 0.28 

135 
(Lb/ft3) 
= 2162 

1)  CIBSE  The Chartered Institution of Building Service Engineers 
2)  MAC    Masonry  Adviseory  Council 
3)  NCMA  National  Concrete  Masonry  Association 
 
ĨŅĶŅĚĪňŗȮ9  ŐĽħĚėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚĽƞĺĬįĽĴėŀĬĔĶňĨĭĸŖŀĔ 
 

ĶŅĵĔŅĶ ĮŌĬĞňŏĴĬĨƢ ĪĶŅĵ ľŇĬ 

ėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ&W/m-k) 0.72 1.74 1.83 

ĪňŗĴŅ8ȮThe (The Chartered Institution of Building Services Engineers, 2015: 3-37) 
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ĺŇīňĔŅĶĺńħėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬ 
ľĸńĔĔŅĶĺńħėƞŅĽĳŅıĬņėĺŅĴĶƟŀĬȮ&Thermal conductivity) ĽŅĴŅĶĩıŇěŅĶĦŅœħƟěŅĔėƞŅ

ĽĳŅıĬņėĺŅĴĶƟŀĬȮ&Thermal conductivity, K-Value) ĞŉŗĚĭŀĔĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĬņėĺŅĴĶƟŀĬ
ĕŀĚĺńĽħŋĬńŘĬŕȮőħĵĺńħėƞŅŀńĨĶŅĮĶŇĴŅĦėĺŅĴĶƟŀĬœľĸȮĨƞŀľĬƞĺĵŏĺĸŅěŅĔěŋħĶŃĵŃĪŅĚľĬŉŗĚĩŉĚŀňĔěŋħľĬŉŗĚ
ĪňŗĴňŀŋĦľĳŌĴŇȮŐĨĔĨƞŅĚĔńĬĨƞŀľĬƞĺĵıŊŘĬĪňŗľĬƟŅĨńħĪňŗœľĸįƞŅĬĴňľĬƞĺĵŏĮƦĬȮĺńĨĨƢĨƞŀŏĴĨĶ-ŏėĸĺŇĬȮ&W/m.K) 
ĬŀĔěŅĔĬňŘėĺŅĴŏĮƦĬĜĬĺĬĔńĬȮėĺŅĴĶƟŀĬĽŅĴŅĶĩıŇěŅĶĦŅœħƟěŅĔėƞŅėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬ 
(Thermal resistance, R-Value) ĞŉŗĚĕėņĬĺĦěŅĔŀńĨĶŅĽƞĺĬȮĕŀĚėĺŅĴľĬŅĨƞŀėƞŅĽĳŅıĬņėĺŅĴĶƟŀĬ
ĕŀĚĺńĽħŋȮĴňľĬƞĺĵŏĮƦĬȮĨŅĶŅĚŏĴĨĶȮ-ȮŏėĸĺŇĬȮĨƞŀĺńĨĨƢȮ&m2 .K/W) ĜĬĺĬĔńĬėĺŅĴĶƟŀĬȮĪňŗħňĨƟŀĚĴňėƞŅ
ĽĳŅıĬņėĺŅĴĶƟŀĬĪňŗĨŗņȮŐĸŃĴňėƞŅėĺŅĴĨƟŅĬĪŅĬȮėĺŅĴĶƟŀĬĽŌĚȮėƞŅĽĳŅıĬņėĺŅĴĶƟŀĬȮ&k) ĽŅĴŅĶĩ
ėņĬĺĦœħƟěŅĔȮĽĴĔŅĶĪňŗȮ&1) 

IȮ;ȮOȮ-Ȯ?ȮVȮJȮ-ƇRȮ   [5] 
ľĬƞĺĵȮĺńĨĨƢĨƞŀŏĴĨĶ-ŏėĸĺŇĬȮ&W/m.K) (1) 

 
őħĵ k = ĽĳŅıĬņėĺŅĴĶƟŀĬȮľĬƞĺĵȮĺńĨĨƢĨƞŀŏĴĨĶ-ŏėĸĺŇĬȮ&W/m.K)  

Q = ėĺŅĴĶƟŀĬĪňŗœľĸįƞŅĬĨƞŀıŊŘĬĪňŗįŇĺĨńĺŀĵƞŅĚȮľĬƞĺĵȮĺńĨĨƢ&W)  
A = ıŊŘĬĪňŗĪňŗėĺŅĴĶƟŀĬœľĬįƞŅĬȮľĬƞĺĵȮĨŅĶŅĚŏĴĨĶȮ&m2 )  
L = ėĺŅĴľĬŅĕŀĚĝŇŘĬĪħĽŀĭȮľĬƞĺĵŏĴĨĶȮ&m) 
ƇT = ŀŋĦľĳŌĴŇĪňŗŐĨĔĨƞŅĚĶŃľĺƞŅĚįŇĺĺńĽħŋħƟŅĬŀŋĦľĳŌĴŇĽŌĚŐĸŃħƟŅĬŀŋĦľĳŌĴŇĨŗņ ľĬƞĺĵ

ŏėĸĺŇĬȮ&K)  
 
ėƞŅėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬȮ&R) ĽŅĴŅĶĩėņĬĺĦœħƟȮěŅĔĽĴĔŅĶĪňŗȮ&2) k L R = R 1 U= ĶŌĮĪňŗȮ

2 ĕńŘĬĨŀĬĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬŏĴŊŗŀŀĬŋĳŅėœħƟĶńĭėĺŅĴĶƟŀĬȮőĴŏĸĔŋĸĽńŗĬĽŃŏĪŊŀĬŐĸŃĩƞŅĵŏĪıĸńĚĚŅĬŒľƟ
őĴŏĸĔŋĸĪňŀĵŌƞĨŇħĔńĬ k = Q L 

 
R = L / K ľĬƞĺĵȮĨŅĶŅĚŏĴĨĶ-ŏėĸĺŇĬĨƞŀĺńĨĨƢ&m2 .K/ W) (2) 
ŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬĶĺĴȮ&Overall heat transfercoefficient, 

U-value)ėŊŀĽƞĺĬĔĸńĭĕŀĚėƞŅėĺŅĴȮĨƟŅĬĪŅĬėĺŅĴĶƟŀĬȮ 
U = 1 / RȮľĬƞĺĵȮĺńĨĨƢĨƞŀĨŅĶŅĚŏĴĨĶ-ŏėĸĺŇĬȮ&W/m2 .K) (3) 
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ĔŅĶĪħĽŀĭŐĭĭȮHeat Flow Meter ĔŅĶĪħĽŀĭľŅėƞŅĽĳŅıĬņėĺŅĴĶƟŀĬŐĸŃėƞŅėĺŅĴȮ
ĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĜĬĺĬĔńĬėĺŅĴĶƟŀĬȮŐĭĭȮHeat Flow MeterȮĨŅĴĴŅĨĶģŅĬȮASTM C 518, 
ISO 8301,BSEN 12667 ŐĸŃJIS A 1412ȮŒĝƟľĸńĔĔŅĶĕŀĚĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬėŊŀıĸńĚĚŅĬȮėĺŅĴĶƟŀĬ
ěŃŏėĸŊŗŀĬĪňŗěŅĔĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĽŌĚœĮĭĶŇŏĺĦĪňŗĴňȮŀŋĦľĳŌĴŇĨŗņĔĺƞŅȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3 (a) ĕńŘĬĨŀĬĔŅĶ
ŏĨĶňĵĴĝŇŘĬĪħĽŀĭȮĝŇŘĬĪħĽŀĭěŃĬņĴŅœĺƟȮŒĬĽĳŅĺŃŐĺħĸƟŀĴĪňŗŀŋĦľĳŌĴŇ22 ± 5 °C ŐĸŃėĺŅĴĝŊŘĬ
ĽńĴıńĪīƢȮĶƟŀĵĸŃ50 ± 10 ŀĵƞŅĚĬƟŀĵ24ĝńŗĚőĴĚȮőħĵĴĺĸĕŀĚĝŇŘĬĪħĽŀĭȮĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚœĴƞŏĔŇĬĶƟŀĵ
ĸŃȮ1 ľĸńĚěŅĔĬńŘĬĬņĝŇŘĬĪħĽŀĭȮŒĽƞŏĕƟŅŏėĶŊŗŀĚĪħĽŀĭőħĵĺŅĚŀĵŌƞĶŃľĺƞŅĚŐįƞĬėĺŅĴĶƟŀĬŐĸŃȮŐįƞĬėĺŅĴ

ŏĵŖĬȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3 (b) ěŅĔĬńŘĬĨńŘĚėƞŅŀŋĦľĳŌĴŇȮŒľƟŐĨĔĨƞŅĚĔńĬȮ&æT) ĶŃľĺƞŅĚŐįƞĬŀŋĦľĳŌĴŇėĺŅĴ
ĶƟŀĬŐĸŃȮŐįƞĬėĺŅĴŏĵŖĬȮĳŅĵŒĬŏėĶŊŗŀĚĪħĽŀĭĴňĜĬĺĬĸƟŀĴĶŀĭĨĸŀħȮŐĬĺėĺŅĴľĬŅĕŀĚŐįƞĬŀŋĦľĳŌĴŇ
ŐĸŃĝŇŘĬĪħĽŀĭŏıŊŗŀŒľƟĮƚŀĚĔńĬȮĔŅĶĽŌĠŏĽňĵėĺŅĴĶƟŀĬȮŏėĶŊŗŀĚěŃĺńħŐĶĚħńĬœĲĲƚŅĪňŗŀŀĔĴŅěŅĔŏĞŖĬŏĞŀĶƢ
ĺńħĲĸńĔĞƢĪňŗĨŇħŀĵŌƞĔńĭįŇĺĕŀĚŐįƞĬŀŋĦľĳŌĴŇĪńŘĚĽŀĚőħĵĔŅĶȮĺńħĔŅĶœľĸĕŀĚėĺŅĴĶƟŀĬŐĸŃŀŋĦľĳŌĴŇĪňŗ
ŐĨĔĨƞŅĚĔńĬĶŃľĺƞŅĚŐįƞĬȮĪńŘĚĽŀĚȮŏĴŊŗŀĶŃĭĭŀĵŌƞŒĬĽĳŅĺŃėĚĪňŗȮ&Steady-statecondition) ĞŉŗĚ 
ĔĶĴĺŇĪĵŅĻŅĽĨĶƢĭĶŇĔŅĶőėĶĚĔŅĶĲƕĽŇĔĽƢŐĸŃĺŇĻĺĔĶĶĴ  ŒľƟĭĶŇĔŅĶĪħĽŀĭľŅėƞŅĽĳŅıĬņėĺŅĴĶƟŀĬŐĸŃ
ėƞŅėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĽņľĶńĭĜĬĺĬĔńĬėĺŅĴĶƟŀĬėŀĴőıĽŇĪȮħƟĺĵŏėĶŊŗŀĚȮNETZSCH HFM 436
ŏĮƦĬĔŅĶĪħĽŀĭŐĭĭȮHeatFlow Meter őħĵĨńĺŀĵƞŅĚĨƟŀĚĴňĕĬŅħĔĺƟŅĚ 300 ĴĴ,ȮĵŅĺȮ300 ĴĴ,ȮŐĸŃ
ėĺŅĴľĬŅŀĵŌƞŒĬĝƞĺĚȮ6 -80 ĴĴ, 

 

 
 
ĶŌĮĪňŗȮ21ȮŐĽħĚĸńĔļĦŃĕŀĚŏėĶŊŗŀĚȮHFM 436/3 Lambda ĪňŗŒĝƟľĸńĔĔŅĶŐĭĭȮHeat Flow 

Meter 
ĪňŗĴŅ8Ȯ&American Society for Testing and Material, 0./.8Ȯ/30-/44' 
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ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ[Phase Change MaterialsȮ&PCM'] 
ĮƤěěŋĭńĬœħƟĴňĔŅĶĻŉĔļŅŏĶŊŗŀĚȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ěņĬĺĬĴŅĔŏıŊŗŀĬņœĮĮĶŃĵŋĔĨƢŒĝƟĚŅĬ

ŒĬľĸŅĵŕħƟŅĬȮŐĨƞĮƤěěńĵľĸńĔĪňŗėĺĶĴňĔŅĶĻŉĔļŅȮėŊŀȮĝĬŇħĕŀĚȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ŐĸŃĝƞĺĚ
ŀŋĦľĳŌĴŇĕŀĚĔŅĶľĸŀĴŏľĸĺĕŀĚȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ŏıŊŗŀěŃœħƟĬņĴŅŒĝƟĚŅĬœħƟŀĵƞŅĚĩŌĔĨƟŀĚŐĸŃ
ŏľĴŅŃĽĴĔńĭĸńĔļĦŃĚŅĬĪňŗĨƟŀĚĔŅĶŒĝƟȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ĽŅĴŅĶĩěņŐĬĔŀŀĔŏĮƦĬȮ1ȮĮĶŃŏĳĪȮ
œħƟŐĔƞȮĽŅĶŀŇĬĪĶňĵƢ&organic'Ȯ, ĽŅĶŀĬŇĬĪĶňĵƢȮ&inorganic'ȮŐĸŃĽŅĶĵŌŏĪĔĨŇĔȮ(eutectic'ȮľĶŊŀĽŅĶľĸŅĵ
ŀĚėƢĮĶŃĔŀĭĝĬŇħŀŊŗĬ 

 

 
ĶŌĮĪňŗȮ22  ĮĶŃŏĳĪĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) 
ĪňŗĴŅ:Ȯ(ĔńĬĵĶńĨĬƢȮőľĸŃĽŋĨ, ĮĶŃĽĚėƢȮĺĚĻƢĺŇĝŅȮŐĸŃėĦŃ, 2551) 
 
ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ĬńŘĬĴňľĸŅĔľĸŅĵĮĶŃŏĳĪȮŏĝƞĬȮ Parafin Ȯ,ȮNon- Parafin ȮŐĸŃ

EutecticȮŏĮƦĬĨƟĬȮȮĜŃĬńŘĬĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ěŉĚěņŏĮƦĬĨƟŀĚĴňėŋĦĽĴĭńĨŇĪŅĚŏėĴňŐĸŃ
ĪŅĚĔŅĵĳŅıĪňŗŏľĴŅŃĽĴĔńĭĚŅĬĪňŗŒĝƟȮŏĝƞĬȮėŋĦĽĴĭńĨŇŒĬĔŅĶĔńĔŏĔŖĭĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗŏľĴŅŃĽĴȮĴňĝƞĺĚ
ĕŀĚĔŅĶľĸŀĴŏľĸĺĪňŗŏľĴŅŃĽĴĔńĭĚŅĬĪňŗěŃĬņœĮŒĝƟȮœĴƞŏĮƦĬıŇļȮŒĝƟĚŅĬĚƞŅĵŒĬĽĳŅıėĺŅĴĔħħńĬ
ĭĶĶĵŅĔŅĻȮĴňėĺŅĴŏĽĩňĵĶŐĸŃĪĬĪŅĬĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıȮœĴƞŏĮƦĬıŇļĨƞŀĽŇŗĚŐĺħĸƟŀĴŐĸŃĶŃĭĭĪňŗŒĝƟĚŅĬȮ
ŐĸŃĽŅĴŅĶĩŏĮĸňŗĵĬĽĩŅĬŃœħƟőħĵœĴƞĴňĔŅĶŏĽŊŗŀĴĽĳŅıŏĴŊŗŀĴňĔŅĶŒĝƟĚŅĬŏĮƦĬŏĺĸŅĬŅĬ 

ĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĔŅĶıńĥĬŅĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĔŅĶĔńĔŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬȮ
ĪņĔŅĶĪħĸŀĚőħĵĔŅĶĬņ  Parafin Ȯtechnical grade ĪňŗįƞŅĬĔŅĶŒĝƟĚŅĬŒĬĔŅĶĔńĔŏĔŖĭėĺŅĴĶƟŀĬŒĬĪƞŀ
ĶŌĮŐĭĭĨƞŅĚŕȮĴŅĪħĽŀĭħƟĺĵĺŇīňȮDifferential Scanning Calorimetry &DSC'ȮĴňĺŇīňĔŅĶĪħĸŀĚőħĵ
ŒĽƞ  Parafin  ŒĬĩŅħȮ0ȮĩŅħȮĩŅħŐĶĔėŊŀ  Parafin  ŒĝƟŐĸƟĺȮĩŅħĪňŗĽŀĚėŊŀ  Parafin  ŒľĴƞȮŒľƟėĺŅĴĶƟŀĬ
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őħĵĔŅĶėĺĭėŋĴŒľƟŀńĨĶŅĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŀŋĦľĳŌĴŇŏĪƞŅĔńĬȮıĭĺƞŅȮĝƞĺĚŀŋĦľĳŌĴŇľĸŀĴĸŃĸŅĵĸħĸĚȮ.,0C̄ 
ŐĸŃėĺŅĴěŋėĺŅĴĶƟŀĬŏıŇŗĴĕŉŘĬȮ0,1% ŏĬŊŗŀĚĴŅěŅĔĔŅĶĮĬŏĮƘƨŀĬĶŃľĺƞŅĚĔŅĶĪņĚŅĬĶĺĴĪńŘĚœħƟĻŉĔļŅŐĸŃ
ĺŇŏėĶŅŃľƢĩŉĚĕƟŀħňĕƟŀŏĽňĵĕŀĚĺńĽħŋĝĬŇħĨƞŅĚȮŕȮĔŅĶĬņĴŅŒĝƟŏĮƦĬĺńĽħŋĔńĔŏĔŖĭėĺŅĴĶƟŀĬőħĵŀŅĻńĵľĸńĔĔŅĶ
ŏĮĸňŗĵĬŏĲĽȮphase change material (ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)) ĴňħńĚĬňŘ 

1)  Parafin   ŏĮƦĬ Wax ĪňŗŏĮƦĬĽŅĶĮĶŃĔŀĭĮĶŃŏĳĪœŁőħĶėŅĶƢĭŀĬȮŏĮƦĬįĸŇĨĳńĦĤƢ
ĮƕőĨĶŏĸňĵĴĞŉŗĚĔĸńŗĬŐĵĔŀŀĔěŅĔĬŘņĴńĬħŇĭȮĴňĝŊŗŀĽŅĴńĠĺƞŅȮ Parafin WaxȮ&Paraffin wax'ȮĽŌĨĶ
őėĶĚĽĶƟŅĚĪŅĚŏėĴňȮėŊŀȮCnH2n+2 ěņĬĺĬėŅĶƢĭŀĬŒĬľƞĺĚőĞƞőĴŏĸĔŋĸȮ/7Ȯ14ȮŀŃĨŀĴȮ&C19 ů C36'ȮŒĬ
ĽĳŅĺŃĮĔĨŇĴňĸńĔļĦŃŏĮƦĬĕŀĚŐĕŖĚȮĴňĽňŏľĸŊŀĚŀƞŀĬĩŉĚĕŅĺȮěŋħľĸŀĴŏľĸĺĮĶŃĴŅĦȮ25ȮůȮ42ȮŀĚĻŅ
ŏĞĸŏĞňĵĽȮěŋħŏħŊŀħĮĶŃĴŅĦȮ/3.ȮůȮ053ȮŀĚĻŅŏĞĸŏĞňĵĽȮœĴƞĸŃĸŅĵŒĬĬŘņȮĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢœħƟ
ĴŅĔĴŅĵȮŐĸŃĴňľĸŅĵĽĩŅĬŃħƟĺĵĔńĬȮ Parafin  ĴňėĺŅĴŏľĴŅŃĽĴĪňŗĽŋħŒĬĔŅĶĬņĴŅŒĝƟŏĮƦĬĺńĽħŋĔńĔŏĔŖĭ
ėĺŅĴĶƟŀĬȮĽņľĶńĭĔŅĶĔńĔŏĔŖĭėĺŅĴĶƟŀĬěŅĔıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
ĕƟŀħň: ĴňėĺŅĴĶƟŀĬŒĬĔŅĶľĸŀĴŏľĸĺĽŌĚȮ, ŏĔŇħȮSuper Cooling ĬƟŀĵȮ, ĴňėĺŅĴħńĬœŀĨŗņȮ, œĴƞ

ŏĔŇħĔŅĶŐĵĔŏĲĽŏĮƦĬĝńŘĬŕȮŐĸŃĴňĶŅėŅĪňŗŏľĴŅŃĽĴėŋƟĴėƞŅ 
ĕƟŀŏĽňĵ: ĬņėĺŅĴĶƟŀĬĨŗņȮ&ĽŅĴŅĶĩŐĔƟœĕĮƤĠľŅĬňŘœħƟőħĵĔŅĶŒĽƞȮMetallic fitters ľĶŊŀȮfinned 

tube'ȮŐĸŃĮĶŇĴŅĨĶŏĮĸňŗĵĬŐĮĸĚėƞŀĬĕƟŅĚĴŅĔŏĴŊŗŀŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĩŅĬŃȮĨƟŀĚŏĸŊŀĔĶŌĮŐĭĭĕŀĚ
ĳŅĝĬŃŒľƟŏľĴŅŃĽĴ 

2) ĔĶħœĕĴńĬȮ&Fatty acid'  ŏĮƦĬĔĶħėŅĶƢĭŀĔĞŇĸŇĔȮ&Ȯcarboxylic acid 'ȮĞŉŗĚĴňľŅĚŏĮƦĬőĞƞ
ŐĭĭŀŃĸŇĲŅĨŇĔĵŅĺȮĴňĪńŘĚĔĶħœĕĴńĬŀŇŗĴĨńĺȮ&saturated'ȮŐĸŃĔĶħœĕĴńĬœĴƞŀŇŗĴĨńĺȮ&unsaturated'ȮĔĶħ
œĕĴńĬěŃĴňėŅĶƢĭŀĬȮŀĵƞŅĚĬƟŀĵȮ6ȮŀŃĨŀĴȮŐĸŃĽƞĺĬŒľĠƞěŃŏĮƦĬěņĬĺĬŏĸĕėŌƞ  ĴňėŋĦĽĴĭńĨŇėƞŀĬĕƟŅĚħň 
ĴňėĺŅĴĶƟŀĬŒĬĔŅĶľĸŀĴŏľĸĺŒĔĸƟŏėňĵĚ Parafin ȮŐĨƞĴňĕƟŀŏĽňĵėŊŀȮĶŅėŅŐıĚĔĺƞŅ Parafin  

3) ĕŀĚįĽĴ  Eutectic ŏĮƦĬĕŀĚįĽĴěņıĺĔŏĔĸŊŀȮĴňěŋħľĸŀĴŏľĸĺ-ěŋħŏĵŊŀĔŏĕŖĚĪňŗŐĬƞĬŀĬ 
ĴňėŋĦĽĴĭńĨŇėƞŀĬĕƟŅĚħňȮŒĝƟŒĬĔŅĶĔńĔŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬȮŐĨƞŏľĴŅŃĽĴĔńĭĔŅĶŒĝƟĚŅĬŏĜıŅŃĪňŗĴň
ŀŋĦľĳŌĴŇĨŗņȮůȮĔĸŅĚ 

4) ĬŘņ 
ĕƟŀħň: ĴňėŋĦĽĴĭńĨŇĪňŗħňĴŅĔŐĸŃŏľĴŅŃĽĴĪňŗĽŋħŒĬĔŅĶŒĝƟĚŅĬĪňŗŀŋĦľĳŌĴŇĨŗņȮĴňėƞŅėĺŅĴĶƟŀĬ

ěņŏıŅŃĽŌĚȮȮĶŅėŅĩŌĔȮȮľŅĚƞŅĵ 
ĕƟŀŏĽňĵ: ĨƟŀĚŒĝƟĜĬĺĬȮŐĸŃĩńĚĶńĭŐĶĚħńĬĪňŗĶŅėŅėƞŀĬĕƟŅĚĽŌĚ 
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5) ĮƕőĨĶŏĸňĵĴȮŏĮƦĬĽŅĶĮĶŃĔŀĭœŁőħĶėŅĶƢĭŀĬŀńĬĽĸńĭĞńĭĞƟŀĬȮĪňŗŏĔŇħĕŉŘĬŏŀĚĨŅĴīĶĶĴĝŅĨŇ
ŒĬĝńŘĬľŇĬŒĨƟįŇĺőĸĔȮĴňīŅĨŋĪňŗŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔȮėŊŀȮœŁőħĶŏěĬȮŐĸŃȮėŅĶƢĭŀĬȮœħƟěŅĔĔŅĶĽĸŅĵĨńĺ
ĕŀĚŀŇĬĪĶňĵƢĽŅĶěņĬĺĬĴŅĔĪńĭĩĴĔńĬŒĬľŇĬĨŃĔŀĬȮĳŅĵŒĨƟėĺŅĴĶƟŀĬŐĸŃėĺŅĴħńĬĴľŅĻŅĸȮŏĴŊŗŀĬņĴŅ
ĔĸńŗĬěņœħƟįĸŇĨĳńĦĤƢĨƞŅĚŕȮŏĝƞĬȮĔƠŅĞľŋĚĨƟĴȮĬŘņĴńĬŏĭĬĞŇĬȮĬŘņĴńĬĔƠŅħȮĬŘņĴńĬħňŏĞĸȮĬŘņĴńĬŏĨŅȮĵŅĚĴŃĨŀĵȮ
ĶĺĴĪńŘĚŏėĴňĳńĦĤƢĨƞŅĚŕȮŏĝƞĬȮĮŋƜĵŏėĴňȮĵŅĮĶŅĭĻńĨĶŌıŊĝȮıĸŅĽĨŇĔȮŐĸŃĵŅĚĽńĚŏėĶŅŃľƢȮŏĮƦĬĨƟĬȮȮŏĴŊŗŀ
ĬņĴŅŒĝƟŏĮƦĬĺńĽħŋĔńĔŏĔŖĭėĺŅĴĶƟŀĬȮěŃĴňĕƟŀħň ĕƟŀŏĽňĵ ħńĚĬňŘ 

ĕƟŀħň: ėĺŅĴħńĬœŀĨŗņĔĺƞŅĬŘņȮħņŏĬŇĬĚŅĬœħƟĪňŗŀŋĦľĳŌĴŇĽŌĚ 
ĕƟŀŏĽňĵ: ĴňĶŅėŅĽŌĚ 
6) őĸľŃȮėŊŀȮĺńĽħŋĪňŗĮĶŃĔŀĭħƟĺĵīŅĨŋőĸľŃĪňŗĴňŀŇŏĸŖĔĨĶŀĬŀŇĽĶŃįĽĴŀĵŌƞĴŅĔĴŅĵȮĬńŗĬėŊŀ

ŀŇŏĸŖĔĨĶŀĬŏľĸƞŅĬňŘœĴƞœħƟŏĮƦĬĕŀĚŀŃĨŀĴŒħŀŃĨŀĴľĬŉŗĚőħĵŏĜıŅŃȮĪņŒľƟĴňėŋĦĽĴĭńĨŇıŇŏĻļľĸŅĵ
ĮĶŃĔŅĶȮŏĝƞĬȮŏĮƦĬĨņĬņœĲĲƚŅŐĸŃėĺŅĴĶƟŀĬœħƟħňĴŅĔȮ, įŇĺĕŀĚőĸľŃĪňŗĕńħŏĶňĵĭŐĸŃŏĮƦĬĴńĬĺŅĺȮőĸľŃ 
ĴňėĺŅĴŐĕŖĚŐĶĚıŀĽĴėĺĶŐĸŃĽŅĴŅĶĩŐĮĶĶŌĮœħƟěŉĚĩŌĔŒĝƟĚŅĬŒĬħƟŅĬőėĶĚĽĶƟŅĚŀĵƞŅĚĔĺƟŅĚĕĺŅĚȮ
ĽŅĴŅĶĩħņŏĬŇĬĚŅĬŒĬĔŅĶŒĝƟĚŅĬŏıŊŗŀĔńĔŏĔŖĭŀŋĦľĳŌĴŇœħƟĪňŗŀŋĦľĳŌĴŇĽŌĚĴŅĔĩŉĚȮ/2..ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĨƞĴň
ĶŅėŅŐıĚȮ&S.M. Hasnain, /7768Ȯ//05-//16'Ȯ 

 

ĨŅĶŅĚĪňŗȮ/.  ŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭňĨŇĕƟŀħň - ĕƟŀŏĽňĵȮĕŀĚĺńĽħŋĝĬŇħĨƞŅĚ ŕ ŏĴŊŗŀŒĝƟŏĮƦĬĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) 
ĝĬŇħĺńĽħŋ ĕƟŀħň ĕƟŀŏĽňĵ 

 Parafin  

-ȮėĺŅĴĶƟŀĬŒĬĔŅĶľĸŀĴŏľĸĺĽŌĚ 
-ȮŏĔŇħ Super Cooling ĬƟŀĵ 
-ȮėĺŅĴħńĬœŀĬŘņĨŗņ 
-ȮœĴƞŏĔŇħĔŅĶŐĵĔŏĲĽ 
-ȮĶŅėŅŏľĴŅŃĽĴėŋƟĴėƞŅ 

-ȮĬņėĺŅĴĶƟŀĬĨŗņ 
-ȮĮĶŇĴŅĨĶŏĮĸňŗĵĬŐĮĸĚėƞŀĬĕƟŅĚĴŅĔ
ŏĴŊŗŀŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĩŅĬŃ 
&ĕƟŀŏĽňĵĪńŘĚȮ0ȮĕƟŀȮĽŅĴŅĶĩŐĔƟœĕœħƟ' 

ĔĶħœĕĴńĬ 
-ȮėĺŅĴĶƟŀĬŒĬĔŅĶľĸŀĴŏľĸĺĽŌĚȮŒĔĸƟŏėňĵĚ 
Parafin  

-ȮĶŅėŅĽŌĚĔĺƞŅȮ Parafin  

ĕŀĚįĽĴ 
Eutectic 

-ȮĴňěŋħľĸŀĴŏľĸĺ-ěŋħŏĵŊŀĔŐĕŖĚĪňŗŐĬƞĬŀĬ -ȮŏľĴŅŃĽĴĔńĭĔŅĶĔńĔŏĔŖĭėĺŅĴĶƟŀĬ
ĪňŗĴňŀŋĦľĳŌĴŇĨŗņ-ĔĸŅĚ 

ĬŘņ 
-ȮėƞŅėĺŅĴĶƟŀĬěņŏıŅŃĽŌĚ 
-ȮĶŅėŅĩŌĔ  ľŅœħƟĚƞŅĵ 
-ȮŏľĴŅŃĽĴĪňŗĽŋħŒĬĔŅĶŒĝƟĚŅĬĪňŗŀŋĦľĳŌĴŇĨŗņ 

-ȮĨƟŀĚŒĝƟĜĬĺĬŐĸŃĩńĚĶńĭŐĶĚħńĬȮĪņ
ŒľƟĽŇŘĬŏĮĸŊŀĚ 
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ĝĬŇħĺńĽħŋ ĕƟŀħň ĕƟŀŏĽňĵ 

ĮƕőĨĶŏĸňĵĴ 
-ȮėĺŅĴħńĬœŀĨŗņĔĺƞŅĬŘņ 
-ȮħņŏĬŇĬĚŅĬœħƟĪňŗŀŋĦľĳŌĴŇĽŌĚ 

-ȮĶŅėŅĽŌĚ 

őĸľŃ 
-ȮŏĮƦĬĨńĺĬņœĲĲƚŅŐĸŃėĺŅĴĶƟŀĬĪňŗħňĴŅĔ 
-ȮħņŏĬŇĬĚŅĬœħƟĪňŗŀŋĦľĳŌĴŇĽŌĚĴŅĔȮĩŉĚȮ/2..Ȯ
ŀĚĻŅŏĞĸŏĞňĵĽ 

-ȮĶŅėŅĽŌĚ 

Ȯ 
TES (Thermal Energy Storage'ȮėŊŀȮĔŅĶěńħŏĔŖĭĝńŗĺėĶŅĺĕŀĚıĸńĚĚŅĬĪňŗŀŋĦľĳŌĴŇĽŌĚľĶŊŀ

ĨŗņŏıŊŗŀŒĝƟŒĬĳŅĵľĸńĚȮĨńĺŀĵƞŅĚŏĝƞĬȮĔŅĶěńħŏĔŖĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŏıŊŗŀŒľƟėĺŅĴĶƟŀĬŒĬĝƞĺĚĔĸŅĚėŊĬȮ
ĔŅĶĔńĔŏĔŖĭėĺŅĴĶƟŀĬŒĬĝƞĺĚķħŌĶƟŀĬĽņľĶńĭŒĝƟĚŅĬŒĬĝƞĺĚķħŌľĬŅĺȮĔŅĶĔńĔŏĔŖĭĕŀĚĬŘņŐĕŖĚŒĬĝƞĺĚķħŌ
ľĬŅĺŏıŊŗŀŏĮƦĬĪňŗĶŃĭŅĵėĺŅĴĶƟŀĬŒĬĝƞĺĚķħŌĶƟŀĬŐĸŃĔńĔŏĔŖĭĶńĔļŅėĺŅĴĶƟŀĬľĶŊŀėĺŅĴŏĵŖĬĪňŗĽĶƟŅĚħƟĺĵ
ĶŃĭĭœĲĲƚŅŒĬĝƞĺĚŏĺĸŅœĴƞıňėȮŏıĸŇĚĲŀĽĞŇĸȮŏıŊŗŀŒĝƟŒĬĝƞĺĚıňėŒĬŏĺĸŅĨƞŀĴŅȮıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢœĴƞ
ŏľĴŊŀĬĔńĭıĸńĚĚŅĬěŅĔŏĝŊŘŀėŊŀȮœĴƞĽŅĴŅĶĩŒĝƟœħƟĨĸŀħŏĺĸŅȮŐĴƟőľĸħĶŃĭŅĵėĺŅĴĶƟŀĬĴňėƞŅŏĕƟŅŒĔĸƟĶŃħńĭ
ėĺŅĴĶƟŀĬĽŌĚĕŀĚĔŅĶŐįƞĶńĚĽňĕŀĚħĺĚŀŅĪŇĨĵƢěŉĚŏĮƦĬĔĸœĔĽņėńĠĪňŗěŃĝħŏĝĵėĺŅĴœĴƞĨĶĚĔńĬĕŀĚėĺŅĴ
ıĶƟŀĴŐĸŃėĺŅĴĨƟŀĚĔŅĶĬňŘ 

ĶŃĭĭĔŅĶĔńĔŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬȮ&TES Thermal Energy Storage'ȮėŊŀĽŇŗĚěņŏĮƦĬĨƞŀ
ĶŃĭĭĔņĸńĚĕŀĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŏıĶŅŃĔŅĶĮƚŀĬıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŏĕƟŅĽŌƞĶŃĭĭĴňėĺŅĴįńĬįĺĬĞŉŗĚ
ŏĔŇħěŅĔĮƤěěńĵľĸŅĵŕŀĵƞŅĚȮŏĬŊŗŀĚěŅĔĮĶŃŏĳĪĕŀĚĔŅĶĔńĔŏĔŖĭıĸńĚĚŅĬĴňėĺŅĴľĸŅĔľĸŅĵȮĔŅĶŏĸŊŀĔŒĝƟ
ěŉĚĕŉŘĬŀĵŌƞĔńĭĝĬŇħŐĸŃĕĬŅħĕŀĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮŐĸŃīĶĶĴĝŅĨŇĪňŗĔƞŀŒľƟŏĔŇħėĺŅĴĽŃħĺĔĽĭŅĵ
ŒĬĝƞĺĚĬńŘĬ ŕȮŏĝƞĬȮĔĸŅĚĺńĬȮĔĸŅĚėŊĬȮľĬƟŅľĬŅĺȮľĬƟŅĶƟŀĬȮ&Ibrahim Dincer ŐĸŃȮSadik Dost, /7748Ȯ
325-335'Ȯ 

ĔŅĶŏĮĸňŗĵĬŏĲĽĕŀĚĭŅĚĺńĽħŋěŃĴňĽĴĭńĨŇŀĵƞŅĚȮĔŅĶľĬŊħȮ, ĔŅĶĽŉĔĔĶƞŀĬȮŏĕƟŅĴŅŏĮƦĬĮƤěěńĵ 
ĽƞĺĬĬňŘěŉĚĪņŒľƟŏĔŇħĔŅĶŐĭƞĚĝńŘĬĳŅĵŒĬĳŅĝĬŃĭĶĶěŋĨŅĴĸņħńĭȮėĺŅĴŐĮĶĮĶĺĬĕŀĚĕŀĚŐĕŖĚĪňŗŒĝƟĔńĔŏĔŖĭ
ıĸńĚĚŅĬŏĔŇħěŅĔĕĬŅħĕŀĚĺńĨĩŋȮĔŅĶŀŀĔŐĭĭĪňŗħňĕĬŅħĕŀĚĕŀĚŐĕŖĚėĺĶĴňėĺŅĴľĸŅĔľĸŅĵŏıŊŗŀŒľƟœħƟ
ėŋĦĽĴĭńĨŇĪňŗħňŒĬĔŅĶĔńĔŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬȮėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĩƞŅĵőŀĬėĺŅĴĶƟŀĬĶŃľĺƞŅĚŀŅĔŅĻ
ŐĸŃĕŀĚŐĕŖĚěŃĴňėƞŅĽŌĚĔŖĨƞŀŏĴŊŗŀĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĔńĔŏĔŖĭıĸńĚĚŅĬĶŅėŅĩŌĔȮ 

ėĺŅĴĶƟŀĬĽńĴįńĽȮ&Sensible Heat' ŏĮƦĬĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗĪņŒľƟĽĽŅĶĴňŀŋĦľĳŌĴŇ
ŏĮĸňŗĵĬŐĮĸĚœĮŐĨƞĽĩŅĬŃĵńĚėĚŏħŇĴȮŏĝƞĬȮĬŘņĴňĽĩŅĬŃŏĮƦĬĕŀĚŏľĸĺȮŏĴŊŗŀĩŌĔŏıŇŗĴĮĶŇĴŅĦėĺŅĴĶƟŀĬŏĕƟŅ
œĮȮĪņŒľƟĬŘņĬńŘĬĴňŀŋĦľĳŌĴŇĽŌĚȮŐĸŃĽŌĚĕŉŘĬŏĶŊŗŀĵ ŕ ěĬĩŉĚȮ/..ȮŀĚĻŅŏĞĸŏĞňĵĽȮľĶŊŀŏĶňĵĔĺƞŅȮŴěŋħŏħŊŀħĕŀĚ
ĬŘņŵȮĮĶŇĴŅĦėĺŅĴĶƟŀĬĬŘņĪņŒľƟĬŘņĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬěĬĩŉĚěŋħŏħŊŀħȮŏĶňĵĔĺƞŅȮŴėĺŅĴĶƟŀĬĽńĴįńĽŵȮ  
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ėĺŅĴĶƟŀĬŐİĚȮ&latent heat storage'ȮėŊŀȮĮĶŇĴŅĦėĺŅĴĶƟŀĬěņĬĺĬľĬŉŗĚĪňŗŒľƟĽŅĶľĬŉŗĚŕȮ
&ľĶŊŀħŉĚŀŀĔěŅĔĽŅĶ'ȮŐĸƟĺĪņŒľƟĽŅĶĬńŘĬŏĮĸňŗĵĬŐĮĸĚĽĩŅĬŃĳŅĵŒĨƟŀŋĦľĳŌĴŇėĚĪňŗȮĝĬŇħĕŀĚĺńĽħŋȮėŊŀȮ
ĬŘņ-ĬŘņŐĕŖĚȮ, ŏĔĸŊŀœŁŏħĶĨȮŐĸŃıŀĸŇŏĴŀĶƢŀŊŗĬŕȮėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬĽņľĶńĭėĺŅĴĶƟŀĬŐİĚŒĬ
ĔŅĶĔńĔŏĔŖĭĴňėƞŅĴŅĔĔĺƞŅėĺŅĴĶƟŀĬĽńĴįńĽŒĬĔŅĶĔńĔŏĔŖĭȮĞŉŗĚŏĔŇħěŅĔŒĬŀŋĮĔĶĦƢĕĬŅħŏĸŖĔĔĺƞŅŐĽĚ
ĴŅĔĔĺƞŅŐĸŃĔŅĶĔńĔŏĔŖĭĽŌĠŏĽňĵĨŗņŀĵƞŅĚœĶĔŖĨŅĴȮŐĨƞĔŅĶŒĝƟėĺŅĴěŋėĺŅĴĶƟŀĬŐİĚĕŀĚĺńĽħŋĔńĔŏĔŖĭěŃŐĮĶ
įńĬĔńĭĮĶŇĴŅĨĶĔńĔŏĔŖĭĪňŗŏĸŖĔĔĺƞŅȮĔŅĶĔńĔŏĔŖĭĪňŗŀŋĦľĳŌĴŇėƞŀĬĕƟŅĚėĚĪňŗȮĨńĺĽŃĽĴĽŅĴŅĶĩŒľƟĮĶŃĽŇĪīŇĳŅı
ĴŅĔĽŋħŐĸŃėĺŅĴĶƟŀĬĽŌĠŏĽňĵĴňėƞŅĬƟŀĵĽŋħȮĮĶŃőĵĝĬƢĽņėńĠĕŀĚėĺŅĴĶƟŀĬŐİĚĔńĔŏĔŖĭŒĬȮĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃȮ&PCM) ěŃŒľƟıĸńĚĚŅĬĽŌĚ 

ėĺŅĴĶƟŀĬěŅĔĮĢŇĔŇĶŇĵŅŏėĴňȮ&calorimetry'ȮėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĕŀĚĽŅĶŏĝŊŘŀŏıĸŇĚȮĕĦŃ
ĽŅĶŏĝŊŘŀŏıĸŇĚŏįŅœľĴƟěŃĮĸħĮĸƞŀĵıĸńĚĚŅĬėĺŅĴĶƟŀĬŀŀĔĴŅ 

 
ĨŅĶŅĚĪňŗȮ//Ȯ Available media for TES 
 

Category Storage Duration Storage Technology 

Sensible Heat 

Short term -rock bins 
-earth beds 
-water tank 

Annual -solar ponds 
-lange tanks 
-earth 
-rock beds 
aquifers 

Latent Heat Short term -salt hydrates 
Organic materials 

Chemical Heat  -chemical heat 
-pump 

ĪňŗĴŅȮ: Mehling (Harald Mehling ŐĸŃȮLuisa F. Cabeza, 2008)  
 
ĨŅĶŅĚĬňŘŐĽħĚėĺŅĴĽŅĴŅĶĩĕŀĚĨńĺĔĸŅĚĪňŗŒĝƟĔńĔŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬőħĵĪńŗĺœĮȮĞŉŗĚıĭĺƞŅ

ėĺŅĴĶƟŀĬĽńĴįńĽıĭœħƟĪńŘĚŒĬĔŅĶĔńĔŏĔŖĭŒĬĝƞĺĚŏĺĸŅĽńŘĬŕȮŐĸŃŐĭĭĶŅĵĮƖŐĸŃėĺŅĴĶƟŀĬŐİĚıĭŐėƞŒĬ
ĔŅĶĔńĔŏĔŖĭıĸńĚĚŅĬŒĬĝƞĺĚĽńŘĬ ŕ ŏĪƞŅĬńŘĬ  
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ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ŒĬŀŋħĴėĨŇėĺĶĴňŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕȮħńĚĬňŘ 
1) ĴňŀŋĦľĳŌĴŇŒĬĔŅĶŏĮĸňŗĵĬŏĲĽĪňŗŏľĴŅŃĽĴ 
2) ėĺŅĴĶƟŀĬŐİĚĴňėƞŅĽŌĚ 
3) ėƞŅŒĝƟěƞŅĵĨŗņ 
4) ıĶƟŀĴĽņľĶńĭŒĝƟĚŅĬ 
5) œĴƞŏĮƦĬıŇļŐĸŃœĴƞĨŇħœĲ 
6) ĴňĶŌĮŐĭĭĔŅĶŏĮĸňŗĵĬŐĮĸĚėŋĦĽĴĭńĨŇŏľĴŊŀĬĔńĬȮ&œĴƞĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĵƞŀĵľĶŊŀ
ĔŅĶŐĵĔĨńĺĔńĬ' 

7) ĴňŀŅĵŋĬŅĬőħĵĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĞŘņœĮĞŘņĴŅ 
 

ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔīĶĶĴĝŅĨŇ 
Wax ěńħŏĮƦĬœĕĴńĬĮĶŃŏĳĪľĬŉŗĚĪňŗĴňőĴŏĸĔŋĸŒľĠƞĔĺƞŅœĕĴńĬĮĔĨŇĪňŗŏĶŅĭĶŇőĳėĴŅĔȮWax

īĶĶĴĝŅĨŇœħƟěŅĔıŊĝľĶŊŀŐĴĸĚȮŏĝƞĬȮĕňŘįŉŘĚȮ,ȮShellac ,ȮWaxȮěŅĔŒĭĨƟĬĮŅĸƢĴėŅĶƢĬŅĺĭŅȮ&Carnauba 
waxȮľĶŊŀȮBrazil Wax'ȮŐĸŃœħƟěŅĔĽŅĶĽńĚŏėĶŅŃľƢěŅĔįĸŇĨĳńĦĤƢĮƕőĨĶŏĸňĵĴĞŉŗĚĔŇĬœħƟȮWaxŏľĸƞŅĬňŘœħƟĶńĭ
ĔŅĶĶńĭĶŀĚěŅĔŀĚėƢĔŅĶŀŅľŅĶŐĸŃĵŅŐľƞĚĽľĶńģŀŏĴĶŇĔŅȮ&USFDA'ȮŒľƟŏĮƦĬĺńĨĩŋŏěŊŀĮĬŀŅľŅĶĮĶŃŏĳĪȮ
GRAS &Generally Recognizedas Safe'ȮĞŉŗĚĴňľĸńĔģŅĬĔŅĶĻŉĔļŅĪŅĚĺŇĪĵŅĻŅĽĨĶƢĪňŗıŇĽŌěĬƢœħƟĺƞŅĴň
ėĺŅĴĮĸŀħĳńĵĨƞŀĔŅĶĭĶŇőĳėŐĸŃĽŅĴŅĶĩŒĝƟŒĬĴĬŋļĵƢœħƟȮ 

 

ĸńĔļĦŃĕŀĚ Wax ŐĨƞĸŃĮĶŃŏĳĪ 
 

1) Paraffin WaxȮŏĮƦĬ WaxȮĪňŗĽĔńħěŅĔĮƕőĨĶŏėĴň 
 

 
ĶŌĮĪňŗȮ23  ŐĽħĚĸńĔļĦŃĕŀĚȮParaffin WaxȮŏĮƦĬWaxĪňŗĽĔńħěŅĔĮƕőĨĶŏėĴň 
ĪňŗĴŅ: https://thai.alibaba.com/product-detail/best-wholesale-websites-fully-re 

fined-paraffin-wax-price-food-grade-paraffin-wax-60282561098.html  

https://thai.alibaba.com/product-detail/best-wholesale-websites-fully-re%0bfined-paraffin-wax-price-food-grade-paraffin-wax-60282561098.html
https://thai.alibaba.com/product-detail/best-wholesale-websites-fully-re%0bfined-paraffin-wax-price-food-grade-paraffin-wax-60282561098.html
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2) Wax ěŅĔœĕĩńŗĺŏľĸŊŀĚȮ&Soy Wax'ȮœħƟěŅĔĔŅĶĽĔńħĬŘņĴńĬĩńŗĺŏľĸŊŀĚȮ 
 

 
ĶŌĮĪňŗȮ24  ŐĽħĚĸńĔļĦŃĕŀĚWaxěŅĔœĕĩńŗĺŏľĸŊŀĚȮSoy WaxȮœħƟěŅĔĔŅĶĽĔńħĬŘņĴńĬĩńŗĺŏľĸŊŀĚ 
 

3) Wax ěŅĔĶńĚįŉŘĚȮ(Bee Wax) 
 

 
ĶŌĮĪňŗȮ25  ŐĽħĚĸńĔļĦŃĕŀĚ Wax ěŅĔĶńĚįŉŘĚȮ(Bee Wax) 

ĪňŗĴŅ: https://ghana.tradeford.com/gh332272/natural-yellow-white-bee-wax-pe 
llets_p398875.Ȯhtml 

 

4) WaxȮěŅĔĨƟĬĮŅĸƢĴȮ(Palm Wax)  œħƟĴŅěŅĔĔŅĶĽĔńħĬŘņĴńĬĮŅĸƢĴěŅĔĮŅĸƢĴīĶĶĴĝŅĨŇȮ 

 
ĶŌĮĪňŗȮ26  ŐĽħĚĸńĔļĦŃĕŀĚ Wax ěŅĔĨƟĬĮŅĸƢĴȮ(Palm Wax)  

https://ghana.tradeford.com/gh332272/natural-yellow-white-bee-wax-pellets_p398875.%20html
https://ghana.tradeford.com/gh332272/natural-yellow-white-bee-wax-pellets_p398875.%20html


  50 

ěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸıŊŘĬģŅĬŏĔňŗĵĺĔńĭĶŅėŅœĕĩńŗĺŏľĸŊŀĚěŃĴňĶŅėŅĽŌĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭ 
Parafin ȮıĭĺƞŅȮœĕĩńŗĺŏľĸŊŀĚŏĮƦĬĺńĨĩŋħŇĭĪňŗĪŅŜěŅĔıŊĝĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇȮŐĸŃĽŅĴŅĶĩ
ĮĸŌĔĪħŐĪĬĪĶńıĵŅĔĶœħƟŏĴŊŗŀŏĪňĵĭĔńĭ  Parafin  ĪňŗŏĮƦĬįĸŇĨĳńĦĤƢěŅĔĮƕőĨĶŏĸňĵĴȮħńĚĬńŘĬœĕĩńŗĺŏľĸŊŀĚěŉĚ
ĩŊŀŏĮƦĬĺńĨĩŋħŇĭȮŴĽňŏĕňĵĺŵȮœĕĩńŗĺŏľĸŊŀĚŏĮƦĬĺńĨĩŋħŇĭěŅĔıŊĝœĴƞĽƞĚįĸĔĶŃĪĭĪŅĚħƟŅĬĽŇŗĚŐĺħĸƟŀĴĽŅĴŅĶĩ
ĮĸŌĔĪħŐĪĬœħƟ (Dorothy Bunny Bowen, 2005)  ĸńĔļĦŃĕŀĚœĕĩńŗĺŏľĸŊŀĚȮŏĮƦĬıŊĝĪňŗĪņĴŅěŅĔ
ĬŘņĴńĬĩńŗĺŏľĸŊŀĚȮľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺĴňĔŅĶĪņėĺŅĴĽŃŀŅħȮĭňĭȮŐĸŃĶňħŏĮƦĬĽŃŏĔŖħȮĬŘņĴńĬĽĔńħěŅĔĶŃĭĭ
œŁőħĶŏěĬŏıŊŗŀŐĵĔĮĶŃŏĳĪœĕĴńĬŒľƟŏľĸŊŀŐĨƞœĕĴńĬĪňŗĽŅĴŅĶĩŐĕŖĚĨńĺœħƟŒĬŀŋĦľĳŌĴŇľƟŀĚȮĽņľĶńĭŏĻļ
ŏĮĸŊŀĔĩńŗĺŏľĸŊŀĚĵńĚĽŅĴŅĶĩĬņœĮŏĮƦĬŀŅľŅĶĽńĨĺƢœħƟŀňĔħƟĺĵȮĔĶŃĭĺĬĔŅĶœŁőħĶŏěĬěŃŐĮĸĚĭŅĚĽƞĺĬ
ĕŀĚĔĶħœĕĴńĬŒĬĬŘņĴńĬıŊĝĩńŗĺŏľĸŊŀĚěŋħľĸŀĴŏľĸĺĕŀĚĬŘņĴńĬĪņŒľƟŏĮƦĬĕŀĚŐĕŖĚĪňŗŀŋĦľĳŌĴŇľƟŀĚœħƟ 
ŀŅĵŋĔŅĶŒĝƟĚŅĬĬŅĬĔĺƞŅ  Parafin   SOY WAX   ľĶŊŀȮœĕĩńŗĺŏľĸŊŀĚȮįĸŇĨěŅĔȮĬŘņĴńĬĩńŗĺŏľĸŊŀĚȮ
ĮĸŀħĳńĵĨƞŀĽŋĕĳŅıȮ&ŏĬŊŗŀĚěŅĔœĴƞĴňĽŅĶıŇļȮőĪĸŌŀňĬŐĸŃŏĭĬĞňĬ'ȮœĴƞĴňĔĸŇŗĬĬŘņĴńĬȮŏĮƦĬĴŇĨĶĨƞŀ
ĽŇŗĚŐĺħĸƟŀĴ 

ĽƞĺĬėŅĶƢĬŌĭŅĶƢWaxȮ&Carnauba wax'ȮȮŏĮƦĬœĕĪňŗœħƟěŅĔŒĭĕŀĚĮŅĸƢĴėŅĶƢĬŌĭŅĶƢȮ&Copernicia 
prunifera'ȮĞŉŗĚĕŉŘĬŏĜıŅŃĪŅĚĪŇĻĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀĕŀĚĭĶŅĞŇĸȮĴňĸńĔļĦŃŏĮƦĬŏĔĸŖħĽňŏľĸŊŀĚĬŘņĨŅĸȮ
ŐĕŖĚŐĸŃŏĮĶŅŃȮėŅĶƢĬŌĭŅĶƢŏĮƦĬœĕīĶĶĴĝŅĨŇĪňŗŐĕŖĚĪňŗĽŋħȮĮĶŃĔŀĭħƟĺĵĔĶħœĕĴńĬĔĺƞŅȮ6.%ȮĪňŗĴňěŋħ
ľĸŀĴŏľĸĺĶŃľĺƞŅĚȮ60-64ºCȮœĴƞĸŃĸŅĵŒĬĬŘņŐĸŃŏŀĪŅĬŀĸȮĴňėĺŅĴĭĶŇĽŋĪīŇśĽŌĚȮěńħŏĮƦĬWaxĪňŗŐĕŖĚĪňŗĽŋħȮ
ĴňĽƞĺĬįĽĴľĸńĔŏĮƦĬĔĶħėŅĶƢĬŌĭŇĔȮėŅĶƢĬŌĭŅĶƢWaxȮCarnauba ěŃŐĕŖĚĴŅĔŏĴŊŗŀĴńĬŀĵŌƞŒĬĶŌĮīĶĶĴĝŅĨŇȮĞŉŗĚ
ŏĴŊŗŀĬņĴŅĪņWaxěŃĨƟŀĚĬņĴŅĭħĔńĭĬŘņĴńĬȮľĶŊŀȮSolvent Naptha ŏıňĵĚ/-1ȮĕŀĚ Carnauba ĪňŗĴň
ėŋĦĳŅıħňĽņľĶńĭĔŅĶĪņWaxȮȮŏĔĶħĕŀĚȮCarnauba ěŃĕŉŘĬŀĵŌƞĔńĭėĺŅĴĭĶŇĽŋĪīŇśŐĸŃĽňĕŀĚĴńĬȮŐĸŃ 
ĪňŗȮŕȮĴńĬŏěĶŇĠŏĨŇĭőĨȮĩƟŅĴŅěŅĔĨŀĬŏľĬŊŀĕŀĚĭĶŅĞŇĸěŃĴňėŋĦĳŅıĽŌĚȮyellow wax ěŃĴňėĺŅĴĭĶŇĽŋĪīŇś
ĽŌĚĽŋħŐĸŃėŋĦĳŅıħňĪňŗĽŋħȮĭŅĚőĶĚĚŅĬěŃĪņĔŅĶĔĶŀĚȮyellow waxȮŀňĔėĶńŘĚŒľƟĴňėĺŅĴĭĶŇĽŋĪīŇśĽŌĚĽŋħŏĮƦĬ
white wax ŏıŊŗŀŒľƟėĺŅĴŒĽŐĸŃĽŃĪƟŀĬėĺŅĴŏĚŅĚŅĴœħƟŏĵŀŃĽŋħȮŐĸŃŏĬŊŗŀĚěŅĔȮCarnaubaȮĪņĴŅěŅĔ
ĨƟĬĮŅĸƢĴŒĬĮĶŃŏĪĻĭĶŅĞŇĸȮĞŉŗĚĴňėĺŅĴĶƟŀĬŐĸŃėĺŅĴĝŊŘĬĽŌĚŏĮƦĬıŇŏĻļĪņŒľƟĴńĬĴňėŋĦĽĴĭńĨŇĮĔĮƚŀĚ 
ĶńĚĽňȮUVȮ, ėĺŅĴĶƟŀĬȮ, ėĺŅĴĝŊŘĬȮ, ĔŅĶĔńħĔĶƞŀĬȮŐĸŃĴĸĳŅĺŃěŅĔīĶĶĴĝŅĨŇœħƟħňĴŅĔȮĞňŗĚŀŅěěŃœĴƞ
ėĚĪĬŏĪƞŅ Wax ŐĭĭĽńĚŏėĶŅŃľƢȮ&Synthetic'ȮĕŉŘĬŀĵŌƞĔńĭĽĳŅĺŃŀŅĔŅĻȮĵŇŗĚėĺŅĴĶƟŀĬȮėĺŅĴĝŊŘĬĽŌĚȮėĺŅĴ
ėĚĪĬěŃĵŇŗĚĬƟŀĵĸĚ 
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ĝĬŇħĕŀĚıŊĝĪňŗĴňŏĽƟĬŒĵŏĞĸĸŌőĸĽĪňŗįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔ 
1. ıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺŐĸŃŒĭŏĸňŘĵĚėŌƞ 
ĽŅĴŅĶĩŐĭƞĚıŊĝőħĵĔŅĶěņŐĬĔěŅĔŒĭŏĸňŘĵĚȮĞŉŗĚŐĭƞĚœħƟŏĮƦĬȮ2 ĔĸŋƞĴȮėŊŀȮıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺȮ

&Monocotyledon) ŐĸŃ ıŊĝŒĭŏĸňŘĵĚėŌƞȮ&Dicotyledon)ȮőħĵŒĭŏĸňŘĵĚĕŀĚıŊĝĬňŘěŃĪņľĬƟŅĪňŗĽŃĽĴŀŅľŅĶ
ŏıŊŗŀŏĸňŘĵĚĨƟĬŀƞŀĬĕĦŃĚŀĔȮŐĸŃŏĮƦĬĽƞĺĬĪňŗĚŀĔŀŀĔĴŅěŅĔŏĴĸŖħĨŅĴľĸńĚĶŅĔȮľĶŊŀŀŅěěŃıĶƟŀĴȮŕȮĔńĬ
ĔńĭĶŅĔȮŒĭŏĸňŘĵĚŏħňŗĵĺĕŀĚıŊĝĭŅĚĝĬŇħĵńĚĴŅıĶƟŀĴĔńĭėĸŀőĶĲƕĸĸƢĨńŘĚŐĨƞŏĶŇŗĴĪņŒľƟĴńĬĽŅĴŅĶĩŏĶŇŗĴĔŅĶ
ĽńĚŏėĶŅŃľƢħƟĺĵŐĽĚȮŏĨĶňĵĴŏĮƦĬıĸńĚĚŅĬŒľƟĔńĭĨƟĬıŊĝœħƟŏĨŇĭőĨȮŐĨƞŏĴŊŗŀĽŅĶŀŅľŅĶĪňŗĽŃĽĴŀĵŌƞŒĬŒĭľĴħ
œĮȮŐĸŃĨƟĬőĨıŀĪňŗěŃĴňŒĭŐĪƟȮ&Foliage leaf) ŀŀĔĴŅŐĸƟĺȮŒĭŏĸňŘĵĚĔŖěŃŏĶŇŗĴŐľƟĚŏľňŗĵĺľĸŋħœĮŒĬĪňŗĽŋħȮ
&Plook Creator, 034.' 

 

1.1 ıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺȮ&Monocotyledon) 
ıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺėŊŀȮıŊĝĪňŗŏĴŊŗŀŒĭŐĶĔŐĪĚŀŀĔĴŅěŅĔŏĴĸŖħȮĴňŒĭŏħňĵĺȮŐĸŃŏĴŊŗŀ

ŏĨŇĭőĨĕŉŘĬěŃŏľŖĬĸņĨƟĬŏĮƦĬĕƟŀĮĸƟŀĚŀĵƞŅĚĝńħŏěĬȮœħƟŐĔƞȮıŊĝěņıĺĔľĠƟŅȮĕƟŅĺȮĕƟŅĺőıħȮŀƟŀĵȮœįƞȮıŊĝ
ŏľĸƞŅĬňŘěŃĴňŒĭŏĶňĵĚĨńĺŏĮƦĬŏĸĕėňŗľĶŊŀŒĭŏħňĵĺȮŏĽƟĬĭĬŒĭěŃŏĶňĵĚĨńĺŐĭĭĕĬŅĬœĮĨŅĴŐĬĺĵŅĺĕŀĚŒĭȮĸņ
ĨƟĬĴńĔŏĶňĵĺȮŐĸŃŏĮƦĬıŊĝĸƟĴĸŋĔŏĮƦĬĽƞĺĬĴŅĔȮıŊĝŒĬĔĸŋƞĴĬňŘĴňĶŃĭĭĶŅĔİŀĵȮŐĬƞĬŀĬĺƞŅıĺĔĴńĬĴňħŀĔȮ
ŐĸŃěņĬĺĬĔĸňĭħŀĔĕŀĚıŊĝĔĸŋƞĴĬňŘěŃĴňȮ3 ĔĸňĭľĶŊŀĪĺňėŌĦĕŀĚȮ3 

 

 
ĶŌĮĪňŗȮ27  ŐĽħĚĸńĔļĦŃĕŀĚıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺ 
ĪňŗĴŅ8ȮȮ&Plook Creator, 034.'Ȯ 
 

ıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺĴňĴńħĪƞŀĸņŏĸňĵĚŐĭĭĔĶŃěńħĔĶŃěŅĵȮĬńŗĬŐĮĸĺƞŅȮľŅĔĬņĨƟĬıŊĝĴŅĨńħĕĺŅĚěŃ
ŏľŖĬĪƞŀĸņŏĸňĵĚĔĶŃěŅĵœĮĪńŗĺȮĪňŗĽņėńĠėŊŀȮıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺœĴƞĴňĔŅĶŏěĶŇĠŀŀĔħƟŅĬĕƟŅĚȮĔĸƞŅĺėŊŀȮœĴƞĴň
ĔŇŗĚĔƟŅĬĽŅĕŅŀŀĔħƟŅĬĕƟŅĚȮŀŅĵŋĕŀĚıŊĝĔĸŋƞĴĬňŘěŃĽńŘĬŀŅěĴňŀŅĵŋŏıňĵĚȮ1 ĮƖľĶŊŀĴŅĔĔĺƞŅĬńŘĬŏĸŖĔĬƟŀĵȮ
ŀĵƞŅĚœĶĔŖħňȮıŊĝĔĸŋƞĴĬňŘőĨœħƟœĺĔĺƞŅıŊĝŒĭŏĸňŘĵĚėŌƞĴŅĔȮľŅĔŏĮƦĬıŊĝĔĸŋƞĴĔŅĶŏĔļĨĶĔŖěŃŏĮƦĬĔĸŋƞĴĪňŗŒľƟ
įĸįĸŇĨœħƟĶĺħŏĶŖĺȮŏĝƞĬȮŀƟŀĵȮĕƟŅĺőıħȮĕƟŅĺȮĞŉŗĚŒĝƟŏĺĸŅœĴƞĩŉĚȮ1 ĮƖĔŖĽŅĴŅĶĩŏĔŖĭŏĔňŗĵĺįĸįĸŇĨœħƟŐĸƟĺ  
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ĶŌĮĪňŗȮ28 ŐĽħĚĸńĔļĦŃĴńħĪƞŀĸņŏĸňĵĚĕŀĚıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺ 
ĪňŗĴŅ8ȮȮ&Plook Creator, 034.'Ȯ 
 

1.2 ıŊĝŒĭŏĸňŘĵĚėŌƞȮ&Dicotyledon) 
ıŊĝŒĭŏĸňŘĵĚėŌƞěŃĚŀĔŀŀĔěŅĔŏĴĸŖħıĶƟŀĴĔńĭŒĭŏĸňŘĵĚȮ2 ŒĭȮŐĸŃŏĴŊŗŀŏěĶŇĠŏĨŇĭőĨ

ŏĨŖĴĪňŗŐĸƟĺěŃŏľŖĬĕƟŀŐĸŃĮĸƟŀĚŒĬĽƞĺĬĕŀĚĸņĨƟĬœĴƞĝńħŏěĬȮŏĬŊŗŀĚěŅĔĴńĬĴńĔěŃĴňŏĮĸŊŀĔŐĕŖĚľƞŀľŋƟĴ 
ŐĸŃĵńĚĴňĔŅĶŏěĶŇĠŏĨŇĭőĨŀŀĔħƟŅĬĕƟŅĚȮĴňĔŇŗĚĔƟŅĬĽŅĕŅȮŐįƞĪŋĔĪŇĻĪŅĚŏıŊŗŀŏĔŖĭŏĔňŗĵĺŐĽĚŐħħœħƟĴŅĔĔĺƞŅ
ĶŅĔĕŀĚıŊĝŒĭŏĸňŘĵĚėŌƞŏĮƦĬĶŃĭĭĶŅĔŐĔƟĺȮŐĸŃĬńŗĬĪņŒľƟĨƟĬĕŀĚıŊĝŒĭŏĸňŘĵĚėŌƞĴňėĺŅĴĴńŗĬėĚĴŅĔĔĺƞŅȮĪńŘĚĵńĚ
ĴňŀŅĵŋĵŅĺĬŅĬĔĺƞŅıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺħƟĺĵ 

 
ĶŌĮĪňŗȮ29  ŐĽħĚĸńĔļĦŃĕŀĚıŊĝŒĭŏĸňŘĵĚėŌƞ 
ĪňŗĴŅ8ȮȮ&Plook Creator, 034.'Ȯ 
 

ŐĔĬĔĸŅĚĕŀĚĸņĨƟĬıŊĝĔĸŋƞĴĬňŘěŃœĴƞĴňĪƞŀĸņŏĸňĵĚȮŐĨƞěŃŏĮƦĬŏĬŊŘŀœĴƟĞŉŗĚĴňėĺŅĴŐĕŖĚŐĶĚėĚĪĬȮ
ĽƞĺĬĪƞŀĸņŏĸňĵĚěŃěńħŏĶňĵĚŏĮƦĬĺĚŀĵƞŅĚĴňĶŃŏĭňĵĭŀĵŌƞĶŀĭĸņĨƟĬȮĽƞĺĬŒĭĕŀĚıŊĝĔĸŋƞĴĬňŘĴňĸńĔļĦŃĔĺƟŅĚ 
ĴňĔŅĶŐĨĔŐĕĬĚŏĮƦĬĶƞŅĚŐľŀŀĔěŅĔŐĔĬĔĸŅĚĕŀĚŒĭȮěņĬĺĬĕŀĚĔĸňĭħŀĔěŃĴňȮ4 - 5 ĔĸňĭȮľĶŊŀ
ĪĺňėŌĦĕŀĚȮ4 - 5 ľŅĔĮĸŌĔıŊĝŒĭŏĸňŘĵĚėŌƞŏıŊŗŀŏĔŖĭŏĔňŗĵĺįĸįĸŇĨȮĽƞĺĬŒľĠƞĴńĔĨƟŀĚŒĝƟŏĺĸŅȮĬŅĬĔĺƞŅıŊĝŒĭ
ŏĸňŘĵĚŏħňŗĵĺĩŉĚěŃŏĔŖĭŏĔňŗĵĺįĸįĸŇĨœħƟȮĪńŘĚĬňŘĵńĚĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀňĔĴŅĔĶŃľĺƞŅĚıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺŐĸŃŒĭ
ŏĸňŘĵĚėŌƞȮŀĵƞŅĚŏĝƞĬȮĸńĔļĦŃőėĶĚĽĶƟŅĚĕŀĚŏĔĽĶȮľĶŊŀĮŅĔŒĭȮ&Stomata) ŐĨƞĴńĬĵŅĔĪňŗěŃĽńĚŏĔĨŏľŖĬĝńħ
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ħƟ ĺ ĵ 
ĨŅŏĮĸƞŅ  



  54 

 
 

ĶŌĮĪňŗȮ30  ŐĽħĚĸńĔļĦŃĴńħĪƞŀĸņŏĸňĵĚĕŀĚıŊĝŒĭŏĸňŘĵĚėŌƞ 
ĪňŗĴŅ8Ȯ&Plook Creator, 034.'Ȯ 
 

ěŅĔĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚıĭĺƞŅıŊĝŒĭŏĸňŘĵĚŏħňŗĵĺŏľĴŅŃĽĴĪňŗěŃĬņĴŅĪņĺŇěńĵ
ŏĬŊŗŀĚěŅĔĴňĪƞŀĸņŏĸňĵĚŀŅľŅĶŐĸŃĬŘņȮőħĵĴňĴńħĪƞŀĸņŏĸňĵĚŐĭĭĔĶŃěńħĔĶŃěŅĵĕŉŘĬœĮĪŅĚĨńŘĚĪņŒľƟĴň
ĝƞŀĚĺƞŅĚĪňŗŏľĴŅŃĽĴŒĬĔŅĶĬņĴŅŒĝƟĮĶŃőĵĝĬƢŒĬĔŅĶĺŇěńĵĬňŘȮŐĸŃĬŇĵĴĬņœĮĪņĺŇěńĵĔŅĶŒĝƟŏĽƟĬŒĵıŊĝįĽĴ
ĔńĭėŀĬĔĶňĨĭĸŖŀĔŏıŊŗŀĸħĬŘņľĬńĔŐĸŃėŋĦĽĴĭńĨŇĔŅĶŏĮƦĬĜĬĺĬĪňŗŏıŇŗĴĕŉŘĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔ 

 
2. ĽƞĺĬĮĶŃĔŀĭĕŀĚŏĴĸŖħĔŅŐĲ 
įĸĔŅŐĲȮľĶŊŀȮŏĝŀĶňŗĔŅŐĲ ĬńŘĬěŃĴňĶŌĮĶƞŅĚľĬƟŅĨŅŐĸŃĽňŐĨĔĨƞŅĚĔńĬœĮĨŅĴĝĬŇħĕŀĚĨƟĬ

ĔŅŐĲȮŏĝƞĬĨƟĬĔŅŐĲĭŅĚĝĬŇħŀŅěěŃĴňįĸŏĝŀĶňŗĪĶĚĶňŐĸŃĴňĽňŐħĚľĶŊŀĽňŏľĸŊŀĚĪĶĚĔĸĴ ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴ
œĴƞĺƞŅěŃŏĮƦĬŏĝŀĶňŗĔŅŐĲĽňœľĬľĶŊŀĝĬŇħœľĬĔŖěŃĴňĽƞĺĬĮĶŃĔŀĭľĸńĔŏľĴŊŀĬĔńĬȮĞŉŗĚĶŌĮĶƞŅĚľĬƟŅĨŅĕŀĚ
ŏĝŀĶňŗĔŅŐĲĬńŘĬěŃŏĮƦĬħńŗĚĶŌĮĕƟŅĚĸƞŅĚ 

 

 
ĶŌĮĪňŗȮ31  ĸńĔļĦŃĕŀĚŏĴĸŖħĔŅŐĲ 
ĪňŗĴŅ8ȮȮhttps://www.coffeefavour.com/chemical-compounds-in-coffee/ 
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ŏĴĸŖħĔŅŐĲȮ&Coffee Bean) Ȯ ŀŏĴĸŖħĕŀĚįĸŏĝŀĶƢĶňŗěŅĔĨƟĬœĴƟıŋƞĴŒĬĺĚĻƢȮCoffea įĸĔŅŐĲ 
ĪňŗĽŋĔŐĸƟĺĨŀĬŀĵŌƞĭĬĨƟĬěŃŏĮƦĬįĸœĴƟĽňŐħĚȮĔƞŀĬěŃĬņœĮŐĮĶĶŌĮŏĮƦĬŏĴĸŖħĔŅŐĲħƟĺĵĔŅĶĮŀĔŏĮĸŊŀĔ
ĬŀĔŀŀĔŐĸƟĺĬņœĮĨŅĔŐľƟĚĔƞŀĬěŃŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶėńŗĺĔŅŐĲȮ 

 

 
ĶŌĮĪňŗȮ32  ĸńĔļĦŃĕŀĚŏĴĸŖħĔĔŅŐĲėńŗĺȮ&Coffee Bean) 
ĪňŗĴŅ8ȮȮhttps://farm.co.th/ 
 

 
ĶŌĮĪňŗȮ33  ĸńĔļĦŃĕŀĚŏĝŀĶňŗĔŅŐĲȮ&Coffee Cherry) 
ĪňŗĴŅ8ȮȮhttps://farm.co.th/ 
 
őħĵĪńŗĺœĮŐĸƟĺĳŅĵŒĬĕŀĚŏĝŀĶňŗĔŅŐĲěŃĮĶŃĔŀĭœĮħƟĺĵŏĬŊŘŀŏĵŊŗŀľĸŅĵĝńŘĬĞŉŗĚĴňľĬƟŅĨŅŐĸŃ 

ĪņľĬƟŅĪňŗŐĨĔĨƞŅĚĔńĬ 
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ĶŌĮĪňŗȮ34  ĸńĔļĦŃĽƞĺĬĮĶŃĔŀĭĕŀĚŏĮĸŊŀĔŏĴĸŖħĔĔŅŐĲȮĽƞĺĬĪňŗȮ/-1 
ĪňŗĴŅ8ȮȮhttps://beanshere.com/posts/coffee-cherry-physiology-3/ 
 
1) įŇĺ ľĶŊŀ ŏĮĸŊŀĔ ľĶŊŀ ĝŊŗŀĪŅĚĺŇĪĵŅĻŅĽĨĶƢ ŀŇıŇėŅĶƢĮ (ŀŇıŇ = ĝńŘĬĬŀĔĽŋħ, ėŅĶƢĮ = įĸœĴƟ) 

őħĵĽňĕŀĚįŇĺěŃŐĨĔĨƞŅĚĔńĬĨŅĴĝĬŇħĕŀĚĔŅŐĲ ľĶŊŀĶŃħńĭėĺŅĴĽŋĔĕŀĚĔŅŐĲ ĞŉŗĚŏĶŇŗĴěŅĔĽňŏĕňĵĺœĮ
ěĬĩŉĚĽňŐħĚŏĴŊŗŀįĸĔŅŐĲĽŋĔȮĬńĭœħƟĺƞŅŏĮƦĬŏĬŊŘŀŏĵŊŗŀĝńŘĬŐĶĔĪňŗėŀĵĮĔĮƚŀĚŏĴĸŖħĔŅŐĲ 

2) ĴŇĺĞňŏĸě ľĶŊŀ ŏĴőĞėŅĶƢĮ ( ŏĴőĞ = ĔĸŅĚ, ėŅĶƢĮ = įĸœĴƟ)ȮľĶŊŀĪňŗŏĶŅĶŌƟěńĔĔńĬĺƞŅŏĴŊŀĔ 
ŏĮƦĬĝńŘĬŏĬŊŘŀŏĵŊŗŀľƞŀľŋƟĴĔŃĸŅœĺƟȮĴňĸńĔļĦŃĸŊŗĬŐĸŃľĺŅĬȮĞŉŗĚĮĶŃĔŀĭħƟĺĵĽŅĶŀŇĬĪĶňĵƢľĸŅĵĝĬŇħȮŏĝƞĬȮ
ĬŘņĨŅĸȮŐĸŃőĮĶĨňĬ ĞŉŗĚěŃŏĮƦĬĺńĨĩŋħŇĭĽņėńĠĽņľĶńĭĔŅĶőĮĶŏĽěĔŅŐĲ őħĵĪňŗĽŅĶŀŇĬĪĶňĵƢŏľĸƞŅĬňŘěŃŏĮƦĬ
ŀŅľŅĶŒľƟěŋĸŇĬĪĶňĵƢŏĝƞĬ ŐĭėĪňŏĶňĵ ĵňĽĨƢ ľĶŊŀ ŀŊŗĬ ŕ ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶľĴńĔĞŉŗĚěŃĪņŒľƟŏĔŇħ
ĽŅĶŀŇĬĪĶňĵƢŀŊŗĬŕĪňŗĽƞĚįĸĨƞŀĶĽĝŅĨŇĕŀĚĔŅŐĲȮŏĝƞĬȮĔĶħŀŃĞŇĨŇĔ 

3) ıŅĶƢĝŏĴĬĨƢ ľĶŊŀ ŏŀĬőħėŅĶƢĮ (ŏŀĬőħ = ĕƟŅĚŒĬ, ėŅĶƢĮ = įĸœĴƟ)ȮľĶŊŀŏĶňĵĔĔńĬĺƞŅĔŃĸŅ
őħĵěŃŏĮƦĬĝńŘĬŒĬĽŋħĕŀĚįĸĔŅŐĲ ĪņľĬƟŅĪňŗĮĔĮƚŀĚŏĴĸŖħĔŅŐĲĪňŗŀĵŌƞħƟŅĬŒĬĪńŘĚĔƞŀĬŐĸŃľĸńĚěŅĔĔŅĶ 
őĮĶŏĽěĳŅĵľĸńĚěŅĔĔŅĶőĮĶŏĽěŏĽĶŖěĽŇŘĬȮĔŃĸŅěŃĴňĸńĔļĦŃėĸƟŅĵĔńĭĔĶŃħŅļȮŐľƟĚȮŐĸŃŏĮĶŅŃ 

4) ĽŏĮƕĶƢĴőĴŏħŇĶƢĴ ľĶŊŀ ŏĪĽĨƟŅ ľĶŊŀ ĞŇĸŏĺŀĶƢĽĔŇĬ  ŏĮƦĬŏĬŊŘŀŏĵŊŗŀĭŅĚȮŕȮľƞŀľŋƟĴŏĴĸŖħĔŅŐĲ
ŐĸŃŏĮƦĬěŋħŏĶŇŗĴĨƟĬĕŀĚŏĴĸŖħĔŅŐĲ  

 

 
ĶŌĮĪňŗȮ35  ŐĽħĚĸńĔļĦŃĽƞĺĬĮĶŃĔŀĭĕŀĚŏĴĸŖħĔĔŅŐĲȮĽƞĺĬĪňŗȮ1-3 
ĪňŗĴŅ8ȮȮhttps://beanshere.com/posts/coffee-cherry-physiology-3/ 
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5) ŏŀĬőħĽŏĮƕĶƢĴ ľĶŊŀȮĔŅŐĲĽŅĶȮŏĮƦĬĽƞĺĬĪňŗŒĝƟĽŃĽĴŀŅľŅĶĽņľĶńĭŏŀŖĴĭĶŇőŀĞŉŗĚŏĮƦĬĽƞĺĬĪňŗ
ĽŃĽĴĽŅĶŀŅľŅĶĨƞŅĚŕĪňŗěŃĩŌĔĬņœĮŒĝƟőħĵŏŀŖĴĭĶŇőŀƟĽņľĶńĭĔŅĶŏěĶŇĠŏĨŇĭőĨŏĮƦĬĨƟĬĔŅŐĲĨƟĬŒľĴƞȮŐĸŃ
ĔŖĵńĚŏĮƦĬĽƞĺĬĽņėńĠĨƞŀĶĽĝŅĨŇĕŀĚĔŅŐĲȮŏıĶŅŃĽŅĶŀŇĬĪĶňĵƢĪňŗĩŌĔĽŃĽĴœĺƟĽņľĶńĭŏŀŖĴĭĶŇőŀƟěŃĩŌĔ
ŏĮĸňŗĵĬŐĮĸĚœĮŏĮƦĬĶĽĝŅĨŇĕŀĚĔŅŐĲĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶėńŗĺ 

6) ĶƞŀĚĕŀĚŏĴĸŖħĔŅŐĲȮľĶŊŀȮĔĶŌƠĲȮľĶŊŀȮėńĪ ŏĮƦĬĭĶŇŏĺĦĪňŗœĴƞœħƟĽƞĚįĸĨƞŀĶĽĝŅĨŇȮŐĨƞŏĔŇħěŅĔ
ĔĶŃĭĺĬĔŅĶŏĨŇĭőĨĕŀĚŏĴĸŖħĔŅŐĲ 

 
 
ĶŌĮĪňŗȮ36  ŐĽħĚĸńĔļĦŃĽƞĺĬĮĶŃĔŀĭĕŀĚŏĴĸŖħĔĔŅŐĲȮĽƞĺĬĪňŗȮ4-/0 
ĪňŗĴŅ8ȮȮhttps://beanshere.com/posts/coffee-cherry-physiology-3/ 
 
7) ŏŀŖĴĭĶŇőŀƟ ľĶŊŀĨńĺŀƞŀĬȮœĴƞœħƟĴňĸńĔļĦŃŏĮƦĬĝńŘĬŏľĴŊŀĬĝńŘĬŀŊŗĬ ŕ ŐĨƞěŃŏĮƦĬĽƞĺĬŏĸŖĔ ŕ 

ŀĵŌƞėƞŀĬœĮĪŅĚĮĸŅĵĕŀĚŏĴĸŖħĔŅŐĲ ŐĨƞŏĮƦĬĽƞĺĬĪňŗĽņėńĠĪňŗĽŋħĽŅĴŅĶĩĽƞĚįĸĨƞŀĔŅĶėĚŀĵŌƞĕŀĚŏĴĸŖħ
ĔŅŐĲőħĵŏŀŖĴĭĶŇőŀƟĴňľĬƟŅĪňŗěŃĨƟŀĚŏĨŇĭőĨœĮŏĮƦĬĨƟĬĔŅŐĲĨƟĬŒľĴƞ ĩƟŅŏŀŖĴĭĶŇőŀƟĨŅĵĔŖěŃĪņŒľƟŏĴĸŖħ
ĔŅŐĲĬńŘĬŏĶŇŗĴŏĽŊŗŀĴĽĳŅıœĮħƟĺĵ ĞŉŗĚŏĮƦĬŏľĨŋįĸĺƞŅĪņœĴĩŉĚĨƟŀĚĴňŏĬŊŘŀŏĵŊŗŀľĸŅĵ ŕ ĝńŘĬėŀĵĮĔĮƚŀĚ
ĝŇŘĬĽƞĺĬĽņėńĠĝŇŘĬĬňŘŀĵŌƞ 

8) ŐĽħĚĳŅıĨńħĕĺŅĚėƞŀĬĴŅĪŅĚĕƟŅĚĸƞŅĚĕŀĚŏĴĸŖħĔŅŐĲ ĞŉŗĚěŃŏľŖĬĶƞŀĚĨĶĚĔĸŅĚĕŀĚ
ŏĴĸŖħĔŅŐĲ ŐĸŃ ŏŀŖĴĭĶŇőŀƟœħƟĝńħĕŉŘĬ 

9) ĩƟŅŏıŇŗĴĔņĸńĚĕĵŅĵŏĕƟŅœĮĔŖŏĶŇŗĴŏľŖĬőėĶĚĽĶƟŅĚĕŀĚŏĞĸĸƢ ĞŉŗĚěŃŏľŖĬŏĮƦĬĶŌŏĸŖĔ ŕ ĴŅĔĴŅĵ
ĪňŗŏĔŇħěŅĔįĬńĚŏĞĸĸƢ (11) ĕŀĚŏĞĸĸƢŐĨƞĸŃŏĞĸĸƢ  

10) ŏĴŊŗŀŏıŇŗĴĔņĸńĚĕĵŅĵĴŅĔĕŉŘĬĔŖěŃŏľŖĬőėĶĚĽĶƟŅĚĕŀĚŏĞĸĸƢœħƟĝńħŏěĬĴŅĔĕŉŘĬȮőħĵěŃŏľŖĬ
ŏĮƦĬŒĬĽƞĺĬĕŀĚŏĞĸĸƢĴňĝňĺŇĨ (12) ŀĵŌƞĳŅĵŒĬįĬńĚŏĞĸĸƢ (11); ĞŉŗĚŏĮƦĬőėĶĚĽĶƟŅĚŐĕŖĚĸƟŀĴĶŀĭŏĞĸĸƢıŊĝ 
ĞŉŗĚŏĞĸĸƢŏľĸƞŅĬňŘ (12) ŏĮƦĬŐľĸƞĚĔńĔŏĔŖĭĽŅĶŀŇĬĪĶňĵƢĨƞŅĚŕ ĪňŗěŃĔĸŅĵŏĮƦĬĶĽĝŅĨŇĕŀĚŏĴĸŖħĔŅŐĲȮ
&SIRICHAI, 0337'Ȯ 
  

https://beanshere.com/posts/coffee-cherry-physiology-3/
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ĔŅĶŐĮĶĶŌĮįĸįĸŇĨĔŅŐĲ 
ĔŅĶŏĸŊŀĔįĸĔŅŐĲĪňŗĴňėŋĦĳŅıȮŏĔļĨĶĔĶěŃŒĝƟĴŊŀėŀĵŏĔŖĭįĸĔŅŐĲĪňŗĽĴĭŌĶĦƢȮőħĵěŃŏĸŊŀĔŏĔŖĭ

įĸĔŅŐĲĪňŗĽŋĔŐĸƟĺŏĨŖĴĪňŗȮőħĵĔŅŐĲěŃĴňĽňŐħĚĸńĔļĦŃėĸƟŅĵŏĝŀĶňŗȮŏĶňĵĔĺƞŅȮĔŅŐĲŏĝŀĶňŗȮ&Coffee 
Cheery) 

ĔŅĶŐĮĶĶŌĮįĸįĸŇĨĔŅŐĲőħĵĺŇīňŏĮƖĵĔȮ&Wet Method or Wash Method) ŏĮƦĬĺŇīňĔŅĶĪňŗ
ĬŇĵĴĔńĬŐıĶƞľĸŅĵȮĽŋħĪƟŅĵěŃœħƟŏĮĸŊŀĔĔŃĸŅĔŅŐĲŀŀĔĴŅ 

1) ĔŅĶĮŀĔŏĮĸŊŀĔȮ&Pulping) 
2) ĔŅĶĔņěńħŏĴŊŀĔȮ&demucilaging) 
3) ĔŅĶĨŅĔľĶŊŀĔŅĶĪņŐľƟĚȮ&Drying) 
4) ĔŅĶĭĶĶěŋȮ&Packing) 
5) ĔŅĶĽňĔŅŐĲĔŃĸŅȮ&Hulling] 

 

 
ĶŌĮĪňŗȮ37  ŐĽħĚĸńĔļĦŃĕŀĚĔŅĶĮŀĔŏĮĸŊŀĔȮ&Pulping) 
ĪňŗĴŅ8ȮȮhttps://farm.co.th/ 
 
3. ŏĮĸŊŀĔĔŃĸŅĔŅŐĲ 

3.1 ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚŏĮĸŊŀĔĔŅŐĲȮ 
ŏĮĸŊŀĔĔŅŐĲĬńŘĬĮĶŃĔŀĭœĮħƟĺĵėŅĶƢőĭœŁŏħĶĨȮőĮĶĨňĬȮŐŀĴőĪœĞĵŅĬŇĬȮŐĪĬĬŇĬȮ

œĤĸňĲƖĬŀĸȮŐĸŃėŅŏĲŀňĬȮŏĴĸŖħĔŅŐĲľĸńĚěŅĔĮŀĔŏĮĸŊŀĔŐĸƟĺěŃĴňĝńŘĬŏĬŊŘŀĔŅŐĲĪňŗľƞŀľŋƟĴȮŏĴĸŖħœĺƟĴň
ĸńĔļĦŃŏĮƦĬȮŏĴŊŀĔľĬŅĶŅĺȮ0.8 ĴĴ,ȮĮĶŃĔŀĭħƟĺĵȮĬŘņȮĶƟŀĵĸŃȮ84.2, őĮĶĨňĬȮĶƟŀĵĸŃȮ8.9, ĬŘņĨŅĸĶƟŀĵ
ĸŃ4.1 ŐĸŃȮĽŅĶĮĶŃĔŀĭŏıėĨŇĬȮĶƟŀĵĸŃ 0.91  őħĵĪńŗĺœĮŏĮĸŊŀĔŐĸŃŏĴŊŀĔĕŀĚĔŅŐĲěŃĩŌĔĬņĴŅŒĝƟ
ĮĶŃőĵĝĬƢȮŏıŊŗŀŏıŇŗĴĴŌĸėƞŅŐĸŃĸħįĸĔĶŃĪĭĨƞŀĽŇŗĚŐĺŃĸƟŀĴ  
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ŏıėĨŇĬȮŏĮƦĬıŀĸŇŐĞŖĔėŅœĶħƢĪňŗŀĵŌƞŒĬįĬńĚŏĞĸĸƢĮģĴĳŌĴŇȮ&primary cell well) ŐĸŃȮ
intercellular layers ľĶŊŀȮmiddle lamella ȮĪņľĬƟŅĪňŗĵŉħŏĞĸĸƢŒľƟĨŇħĔńĭőėĶĚĽĶƟŅĚĕŀĚŏıėĨŇĬœĴƞœħƟ
ŏĶňĵĚĨńĺĔńĬŏĮƦĬŏĽƟĬŒĵȮŐĨƞŏĶňĵĚĨńĺŐĭĭœĴƞŏĮƦĬĶŃŏĭňĵĭȮŏıėĨŇĬĴňķĪīŇśŐĭĭĔĶħȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮĔĶħĔŅ
ŐĸĔĪŌőĶĬŇĔ (D-galactoronic acid) ŏĮƦĬĽƞĺĬŒľĠƞĪňŗŏĝŊŗŀĴĔńĬħƟĺĵıńĬīŃœĔĸőėĞŇħŇĔŐĭĭŀńĸĲŅȮ1,4 ĞŉŗĚ
ĭŅĚľĬƞĺĵŀŅěĩŌĔŏŀĽŏĪŀĶŇœĲħƢħƟĺĵľĴŌƞŏĴĪŀĔĞŇĸľĶŊŀŀŃĞŇĨŇĸĪňŗĨņŐľĬƞĚĕŀĚĔĶħėŅĶƢĭŀĔĞŇĸŇĔȮŏĬŊŘŀŏĵŊŗŀ
ĕŀĚıŊĝĭŅĚĝĬŇħěńħŏĮƦĬŐľĸƞĚĕŀĚŏıėĨŇĬȮŏĝƞĬȮıŊĝĨĶŃĔĸŌȮĽƟĴȮŐŀĮŏĮƕƨĸŐĸŃŏĵŊŗŀĕŀĚĭňĪĬŘņĨŅĸȮőħĵ
ĮĶŇĴŅĦŏıėĨŇĬĪňŗıĭȮėŊŀȮĴňĮĶŃĴŅĦĶƟŀĵĸŃȮ15 ŒĬŐŀĮŏĮƕƨĸŐĸŃĶƟŀĵĸŃ30ȮŒĬıŊĝĨĶŃĔĸŌȮĽƟĴȮŏĴŊŗŀėŇħĨƞŀ
ĬŘņľĬńĔŐľƟĚ &ĦĶĚėƢȮĻŇĕŇĶńĴĵƢ, 0324' 

 

 
ĶŌĮĪňŗȮ38  ŐĽħĚĸńĔļĦŃőėĶĚĽĶƟŅĚĕŀĚŏıėĨŇĬ 
Īňŗ Ĵ Ņ 8Ȯ

https://www.agro.cmu.ac.th/agro4.-school/fst/4./277-research_exercise_ journal/Ȯ
file_upload/36/1/..05,pdf 

 
ĔŅŐĲĔŃĸŅȮ&parchment coffee) ľĴŅĵĩŉĚȮŏĴĸŖħĔŅŐĲŐľƟĚĪňŗœħƟěŅĔįĸĔŅŐĲĽŋĔĪňŗŏŀŅ

ĽƞĺĬĕŀĚįĬńĚįĸĝńŘĬĬŀĔľĶŊŀŏĮĸŊŀĔĝńŘĬĬŀĔŐĸŃįĬńĚįĸĝńŘĬĔĸŅĚľĶŊŀŏĬŊŘŀŀŀĔȮŐĨƞĵńĚėĚĴňįĬńĚįĸĝńŘĬŒĬ
ľĶŊŀŏĮĸŊŀĔĝńŘĬŒĬȮ&endocarp) ľĶŊŀĪňŗŏĶňĵĔĺƞŅȮĔŃĸŅȮ&parchment) ĨŇħŀĵŌƞ 

 

 
ĶŌĮĪňŗȮ39  ĸńĔļĦŃĕŀĚĔŃĸŅĔŅŐĲȮ&Parchment' 
ĪňŗĴŅ8ȮȮhttps://annop.me/2331-  

https://www.agro.cmu.ac.th/agro60/school/fst/601499/research_exercise
http://www.foodnetworksolution.com/wiki/word/2664/coffee-%E0%B8%81%E0%B8%B2%E0%B9%81%E0%B8%9F
http://www.foodnetworksolution.com/wiki/word/3104/endocarp-%E0%B9%80%E0%B8%AD%E0%B8%99%E0%B9%82%E0%B8%94%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9B
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ĔŃĸŅȮ&Parchment)ȮěŃŏĮƦĬĝńŘĬŒĬĽŋħĕŀĚįĸĔŅŐĲĪņľĬƟŅĪňŗĮĔĮƚŀĚŏĴĸŖħĔŅŐĲĪňŗŀĵŌƞħƟŅĬŒĬ
ĪńŘĚĔƞŀĬŐĸŃľĸńĚěŅĔĔŅĶőĮĶŏĞĽ ĳŅĵľĸńĚěŅĔĔŅĶőĮĶŏĞĽŏĽĶŖěĽŇŘĬȮĔŃĸŅěŃĴňĸńĔļĦŃėĸƟŅĵĔńĭ
ĔĶŃħŅļȮŐľƟĚȮŐĸŃŏĮĶŅŃ 

 
 

ĶŌĮĪňŗȮ40  ŐĽħĚĸńĔļĦŃĕŀĚőėĶĚĽĶƟŅĚĝńŘĬĕŀĚŏĴĸŖħĔŅŐĲ 
ĪňŗĴŅ8Ȯhttp://www.foodnetworksolution.com/wiki/word/0556-parchment-

coffee- 
 

3.2 ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚŏĴĸŖħĔŅŐĲħŇĭȮ&Green bean) ŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨ 

įĸěŅĔĔŅĶĺŇŏėĶŅŃľƢĔŅŐĲȮarabica ħŇĭȮŐĽħĚŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮėŊŀȮėĺŅĴĝĬȮ
12% ėŅőĭœŁŏħĶħȮĴŅĔĔĺƞŅȮ50% œĕĴńĬȮ16% őĮĶĨňĬȮ10% ŏľĸƞŅĬňŘŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔŐĸŃĵńĚĴňŀĚ
ĮĶŃĔŀĭĵƞŀĵĪňŗĽņėńĠėŊŀȮėŅŏĲŀňĬȮ1.2% ĔĶħėĸŀőĶŏěĬĬŇĔȮ6.5% ŐĸŃĵńĚĴňȮŀĬŋıńĬīƢŏŀĽŏĨŀĶƢĕŀĚȮőı
ĸŇĲƖĬŀĸȮėŅŏĲŀŇĔȮŐŀĞŇħȮŐĸŃȮėĺŇĬŇĔȮŐŀĞŇħȮőħĵŏĴŊŗŀĬņŏĴĸŖħĔŅŐĲħŇĭœĮėńŗĺĬńŘĬěŃĪņŒľƟŏĴĸŖħĔŅŐĲ
ŏĮĸňŗĵĬőėĶĚĽĶƟŅĚĪŅĚŏėĴňȮ 

Nitrogen compounds (ĽŅĶĮĶŃĔŀĭœĬőĨĶŏěĬ' 
Caffeine  1.2% 
Trigonelline  1.0% 
Protein and free amino acid  9.2% 
Carbohydrates (ĽŅĶĮĶŃĔŀĭěņıĺĔėŅĶƢőĭœŁŏħĶĨ' 
Sucrose  6-8.3% 
Reducing sugar 0.1% 
Polysaccharide 40-50% 
Cellulose  5.0%  
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Acid (ĽŅĶĮĶŃĔŀĭěņıĺĔĔĶħ' 
Chlorogenic acid  5-7.5% 
Citric acid  0.5% 
Malic acid  0.5% 
Oxalic acid  0.2% 
Tartaric acid  0.4% 
 

Lipids œĴƞĸŃĸŅĵĬŘņ 
Triacylglycerols  75.2% 
Esters of terpene alcohols and fatty acids 18.5% 
Diterpene alcohols  0.4% 
Esters of sterols and fatty Acids  3.2% 
Sterols  22.2% 
Tocopherols  0.04-0.06% 
Phosphatides  0.1 0.5% 

 
3.3 ėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıȮ&physical properties) ĕŀĚŏĴĸŖħĔŅŐĲ 
ĔŅŐĲŏĮƦĬıŊĝĪňŗŀĵŌƞŒĬĨĶŃĔŌĸȮRubiaceae family ĞŉŗĚĴňŀĵŌƞȮ0ȮĽŅĵıńĬīŋƢȮ&species) 

ĪňŗĴňėĺŅĴĽņėńĠĪŅĚĔŅĶėƟŅȮėŊŀȮC. arabica ŐĸŃȮC. canephora őħĵȮC. arabica ěŃĶŌƟěńĔŒĬĝŊŗŀ 
ŀŃĶŅĭŇĔƟŅȮŐĸŃȮC. canephora ěŃĶƟŌěńĔĔńĬŒĬĝŊŗŀĕŀĚȮőĶĭńĽĨƟŅȮ 

ėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıĕŀĚŏĴĸŖħĔŅŐĲħŇĭȮėĺŅĴĝŊŘĬȮ, ĬŘņľĬńĔŏĴĸŖħĔŅŐĲħŇĭ, ėĺŅĴĔĺƟŅĚ, 
ėĺŅĴĵŅĺ, ėĺŅĴľĬŅ, ĮĶŇĴŅĨĶŏĴĸŖħ, ėĺŅĴľĬŅŐĬƞĬŏĬŊŘŀ, ėĺŅĴȮľĬŅŐĬƞĬĶĺĴ, ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ
ŏĜĸňŗĵŏĝŇĚŏĶĕŅėĦŇĨ, ıŊŘĬĪňŗįŇĺȮŐĸŃėĺŅĴŏĮƦĬĪĶĚĔĸĴȮ&ıňĶŃıĚĻƢȮĔńĪĸňȮŐĸŃȮŏĝŅĺƢȮŀŇĬĪĶƢĮĶŃĽŇĪīŇś, 
03338Ȯ75-/.2' 
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ĨŅĶŅĚĪňŗȮ/0  The physical properties of Robusta green coffee beans.   
 

 
 
4. ĽƞĺĬĮĶŃĔŀĭĕŀĚŏĴĸŖħĕƟŅĺ 
ĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĪŅĚĝňĺŏėĴňȮıĭĺƞŅȮŏĴĸŖħĕƟŅĺȮĮĶŃĔŀĭħƟĺĵȮŏĮĸŊŀĔľŋƟĴŏĴĸŖħȮľĶŊŀȮ

ŐĔĸĭȮ&HullȮľĶŊŀ Husk'ȮĞŉŗĚěŃľŋƟĴĕƟŅĺĔĸƟŀĚœĺƟŒĬŏĴĸŖħĕƟŅĺĔĸƟŀĚĮĶŃĔŀĭħƟĺĵȮěĴŌĔĕƟŅĺľĶŊŀėńıĳŃȮ
&Germ ľĶŊŀ Embryo'ȮĶņĕƟŅĺȮ&ŏĵŊŗŀľŋƟĴŏĴĸŖħ'ȮŐĸŃŏĴĸŖħĕƟŅĺĕŅĺľĶŊŀŏĴĸŖħĕƟŅĺĽŅĶȮ&Endosperm'Ȯ
ĽŅĶŀŅľŅĶŒĬŏĴĸŖħĕƟŅĺĮĶŃĔŀĭħƟĺĵėŅĶƢőĭœŁŏħĶĨȮŏĮƦĬĽƞĺĬĮĶŃĔŀĭŒĬĽƞĺĬĨƞŅĚŕȮĕŀĚŏĴĸŖħĕƟŅĺȮ
ĬŀĔěŅĔĬňŘȮĵńĚıĭĽŅĶŀŅľŅĶĮĶŃŏĳĪœĕĴńĬȮĞŉŗĚıĭœħƟŒĬĶņĕƟŅĺŏĮƦĬĽƞĺĬŒľĠƞȮ 

 
ĶŌĮĪňŗȮ41  ȮŀĚėƢĮĶŃĔŀĭĕŀĚŏĴĸŖħĕƟŅĺȮ&Rice Paddy Composition' 
ĪňŗĴŅ: http://misterotwo.blogspot.com/2016/10/blog-post_30.html  

http://misterotwo.blogspot.com/2016/10/blog-post_30.html


  63 

5. ŐĔĸĭȮ&Rice husk' 
5.1 ĸńĔļĦŃĕŀĚŐĔĸĭ 
ŐĔĸĭĪņľĬƟŅĪňŗľƞŀľŋƟĴŏĴĸŖħĕƟŅĺŀĵŌƞĳŅĵĬŀĔȮœħƟěŅĔĔŅĶĽňĕƟŅĺȮŏĮƦĬĽŅĶĮĶŃĔŀĭ

ěņıĺĔœŁőħĶėŅĶƢĭŀĬȮŐĸŃĞŇĸŇėŀĬœħŀŀĔœĞħƢľĶŊŀĞŇĸŇĔƟŅȮŏĴŊŗŀıŇěŅĶĦŅŐĔĸĭŒľƟĝńħĕŉŘĬȮőħĵĬņĴŅĽƞŀĚ
ħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢȮěŃıĭĺƞŅĴňĸńĔļĦŃįŇĺŏĮƦĬĶƞŀĚŏĶňĵĚĔńĬȮŐĸŃįŇĺŐĔĸĭĴňėĺŅĴıĶŋĬĴŅĔ 

 

 
ĶŌĮĪňŗȮ42ȮĸńĔļĦŃĕŀĚŐĔĸĭĔņĸńĚĕĵŅĵȮ/x1 ŏĪƞŅ 
ĪňŗĴŅ: https://th.wikipedia.org/wiki/ 
 

 
 

ĶŌĮĪňŗȮ43  ȮĸńĔļĦŃĶŌĮĪĶĚĕŀĚıŊŘĬįŇĺŐĔĸĭĔņĸńĚĕĵŅĵȮ1.ȮŏĪƞŅ 
  

https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%81%E0%B8%A5%E0%B8%9A
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ĶŌĮĪňŗȮ44  ŐĽħĚĸńĔļĦŃĕŀĚıŊŘĬįŇĺĕŀĚŐĔĸĭĪňŗĴňėĺŅĴıĶŋĬ 
 

5.2 ŀĚėƢĮĶŃĔŀĭĕŀĚŐĔĸĭ 
ŐĔĸĭĴňŀĚėƢĮĶŃĔŀĭȮ0ȮĽƞĺĬȮėŊŀȮĽƞĺĬĪňŗŏĮƦĬĽŅĶŀŇĬĪĶňĵƢȮŐĸŃĽƞĺĬĪňŗŏĮƦĬĽŅĶ 

ŀĬŇĬĪĶňĵƢȮĽƞĺĬŒľĠƞěŃŀĵŌƞŒĬĶŌĮĽŅĶĮĶŃĔŀĭŀŀĔœĞħƢȮőħĵĴňĞŇĸŇĔŀĬœħŀŀĔœĞħƢȮ&SiO2'ȮŏĮƦĬ
ŀĚėƢĮĶŃĔŀĭľĸńĔȮȮĞŉŗĚĴňĕĬŅħŏĸŖĔĶŃħńĭĬŅőĬŏĴĨĶȮĴňĽĴĭńĨŇŏĮƦĬĜĬĺĬœĲĲƚŅŐĸŃœĴƞĬņėĺŅĴĶƟŀĬȮ 

 
ĨŅĶŅĚĪňŗȮ/1  ŀĚėƢĮĶŃĔŀĭĪňŗŏĮƦĬĽŅĶŀŇĬĪĶňĵƢĪňŗıĭŒĬŐĔĸĭȮ&Patel et. Al, 2003' 

ĽŅĶŀŇĬĪĶňĵƢ ĬŘņľĬńĔȮ&Wt%' 

Cellulose 21,1. 
Lignin 00,.. 
D-Xylose /5,30 
L-Arabinose 4,31 
Methyl glucoronic acid 4,31 
D-galactose 0,15 
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ĨŅĶŅĚĪňŗȮ/2  ŀĚėƢĮĶŃĔŀĭĪňŗŏĮƦĬĽŅĶŀĬŇĬĪĶňĵƢ &őĸľŃŀŀĔœĞħƢ' ĪňŗıĭŒĬŐĔĸĭȮ&Patel 
et. Al, 2003' 

ĽŅĶŀĬŇĬĪĶňĵƢ ĬŘņľĬńĔȮ&Wt%' 

SiO2 21-25 
Al2O3 1.23 
Fe2O3 1.23 
CaO 1.24 
WgO 0.21 
MnO2 0.07 

 
5.3 ĮĶŃőĵĝĬƢĕŀĚŐĔĸĭ 
ŐĔĸĭŏĮƦĬĕŀĚŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶȮĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶĽňĕƟŅĺȮŒĬĮƖľĬŉŗĚ ŕ 

ĴňĮĶŇĴŅĦŐĔĸĭĽŌĚĩŉĚȮ3,656,/2ȮıńĬĨńĬ ěŅĔĔŅĶĽņĶĺěőħĵĽņĬńĔĚŅĬŏĻĶļģĔŇěĔŅĶŏĔļĨĶȮĔĶŃĪĶĺĚ
ŏĔļĨĶŐĸŃĽľĔĶĦƢȮŒĬĮƖȮ2540ȮȮĔĸƞŅĺėŊŀȮĩƟŅĴňĔŅĶĽňĕƟŅĺȮ/ȮĨńĬȮěŃĴňŐĔĸĭŀŀĔĴŅĮĶŃĴŅĦȮ00.Ȯ
ĔŇőĸĔĶńĴȮľĶŊŀėŇħŏĮƦĬĶƟŀĵĸŃȮ00ȮĕŀĚĮĶŇĴŅĦĕƟŅĺŏĮĸŊŀĔȮĽņľĶńĭĮĶŃŏĪĻœĪĵĴňĔŅĶĮĶŃŏĴŇĬœħƟĺƞŅŐĨƞĸŃ
ĮƖěŃĴňŐĔĸĭĮĶŃĴŅĦȮ2,2ȮĩŉĚȮ2,4ȮĸƟŅĬĨńĬ  ĕŀĚŏľĸŊŀĪŇŘĚŏľĸƞŅĬňŘĭŅĚĽƞĺĬȮĩŌĔĬņœĮŒĝƟĮĶŃőĵĝĬƢŏĮƦĬĮŋƜĵȮȮ
ĺńĽħŋĮŌĶŀĚĬŀĬŒĬőĶĚŏĶŊŀĬŏĸňŘĵĚŏĮƦħȮŏĸňŘĵĚœĔƞȮŐĸŃŒĬĵŋėĪňŗĮĶŃŏĪĻĴňėĺŅĴĨƟŀĚĔŅĶŒĝƟıĸńĚĚŅĬĽŌĚȮŐĔĸĭ
ĩŌĔĬņĴŅŏĮƦĬŏĝŊŘŀŏıĸŇĚĪħŐĪĬıĸńĚĚŅĬěŅĔĬŘņĴńĬħŇĭȮěŅĔĽĩŇĨŇĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚĮĶŃŏĪĻœĪĵĮƖȮ0323Ȯ
őħĵĔĶĴıńĥĬŅŐĸŃĽƞĚŏĽĶŇĴıĸńĚĚŅĬȮıĭĺƞŅȮŐĔĸĭĽŅĴŅĶĩĪħŐĪĬıĸńĚĚŅĬœħƟŏĪňĵĭŏĪƞŅĬŘņĴńĬħŇĭȮ.,67Ȯ
ĸƟŅĬĨńĬȮĬŀĔěŅĔĬňŘȮĕňŘŏĩƟŅĪňŗœħƟěŅĔĔŅĶŏįŅœľĴƟĕŀĚŐĔĸĭȮĵńĚĽŅĴŅĶĩĽƞĚŀŀĔĕŅĵĨƞŅĚĮĶŃŏĪĻœħƟŀňĔŒĬ
ĶŅėŅĔŇőĸĔĶńĴĸŃȮ1-2ȮĭŅĪȮĞŉŗĚĬńĭĺƞŅŏĮƦĬįĸıĸŀĵœħƟȮĬŀĔŏľĬŊŀěŅĔĔŅĶŒĝƟŏĮƦĬŐľĸƞĚıĸńĚĚŅĬĪħŐĪĬ 
őħĵĽĶŋĮŐĸƟĺĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŐĔĸĭĴňľĸŅĔľĸŅĵĮĶŃĔŅĶœħƟŐĔƞȮŒĝƟŏĮƦĬŏĝŊŘŀŏıĸŇĚįĸŇĨ

ıĸńĚĚŅĬȮŒĝƟŏĮƦĬĺńĽħŋĔŅĶŏĔļĨĶȮŒĝƟĽĔńħĽŅĶĞŇĸŇĔŅȮȮŒĝƟŏĮƦĬĺńĽħŋĔƞŀĽĶƟŅĚȮȮŒĝƟŏĮƦĬĽŅĶĽņľĶńĭŒĝƟŒĬĔŅĶ
ĔĶŀĚȮŐĸŃŀŊŗĬ ŕȮ 
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ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 
1. ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĴŅŒĝƟŏĮƦĬĺńĽħŋįĽĴ 

ěŅĔĔŅĶĻŉĔļŅĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚȮıĭĺƞŅȮĴňĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĨƞŅĚȮŕȮĴŅŏĮƦĬĺńĽħŋįĽĴȮ
œĴƞĺƞŅěŃŏĮƦĬĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇőħĵĨĶĚľĶŊŀŐĴƟŐĨƞĔŅĶŐĮĸĚŏĮƦĬŏĽƟĬŒĵŏıŊŗŀĕŉŘĬĶŌĮŏĮƦĬįĬńĚĨƞŅĚ ŕȮŐĸŃ
ĕŉŘĬĶŌĮŏĮƦĬėŀĬĔĶňĨĭĸŖŀĔȮľĶŊŀŐĴƟŐĨƞĔŅĶĬņĳŌĴŇĮƤĠĠŅĪƟŀĚĩŇŗĬĴŅįĽĴįĽŅĬŒĬĔŅĶıńĥĬŅȮŏĝƞĬȮįĬńĚ
ĨŀĔĞňŗȮ&Torchis) ľĶŊŀįĬńĚĕńħŐĨŃȮĜŅĭĮŌĬȮħƟĺĵĔŅĶıńĥĬŅŒĬĶŌĮŐĭĭŒľĴƞŐĸŃĽŃħĺĔŒĬĔŅĶŒĝƟĚŅĬ
ŏľĴŅŃĽĴĔńĭŏĪėĬŇėĔŅĶĔƞŀĽĶƟŅĚĽĴńĵŒľĴƞĺńĽħŋĪňŗĬņŏĽĬŀĬňŘĪņĴŅěŅĔĮŌĬĞňŏĴĬĨƢĕŅĺȮĪĶŅĵȮĲŅĚĕƟŅĺȮ
ŐĸŃĵŅĚĭĚȮ&Persea kurzii) ŒĬŀńĨĶŅĽƞĺĬįĽĴőħĵĬŘņľĬńĔȮ600: 1000: 50: 30 ĔĶńĴȮĨŅĴĸņħńĭȮ
ĮĶŇĴŅĦĬŘņĪňŗŏıŇŗĴŒĬĔŅĶįĽĴėŊŀȮ40% ĕŀĚĬŘņľĬńĔĮŌĬĞňŏĴĬĨƢĕŅĺŐĸŃŏĽĶŇĴħƟĺĵœĴƟœįƞĕńħŐĨŃȮ2 ŐįƞĬ
ĔŅĶįĸŇĨĬňŘœħƟįƞŅĬĔŅĶĪħĽŀĭĔŅĶĶńĭĔņĸńĚŐĶĚŀńħŏĮĶňĵĭŏĪňĵĭĔńĭĨŅĴĴŅĨĶģŅĬėŀĬĔĶňĨĭĸŖŀĔĪńŗĺœĮȮ
ĭĸŖŀĔĨńĺŀĵƞŅĚĪňŗĕĬŅħėĺŅĴľĬŅȮ7 ĞĴ,ȮĽŌĚȮ19 ĞĴ,ȮŐĸŃĵŅĺȮ39 ĞĴ,ȮĬŘņľĬńĔŏĜĸňŗĵȮėŊŀȮ8600 ĔĶńĴȮŒľƟ
ĔņĸńĚĔŅĶĶńĭŐĶĚŀńħȮ28.55 ĔĔ,-ȮĨĶ,ĞĴ,ȮĞŉŗĚĽŌĚĔĺƞŅŒĬĴŅĨĶģŅĬĪňŗŏĔňŗĵĺĕƟŀĚȮ&ĴŀĔ,Ȯ58-2533; 25.49 
ĔĔ,-ȮĨĶ,ĞĴ,'ȮėŇħŏĮƦĬĶƟŀĵĸŃȮ12.00 ěŉĚĴňĻńĔĵĳŅıŒĬĔŅĶıńĥĬŅŏĝŇĚıŅĦŇĝĵƢȮȮ&ėņĝŅĵȮıńĬĪĺĚĻƢ, őĽĳŅȮ
ĺŇĻŇļĢƢĻńĔħŇśȮŐĸŃėĦŃ, 03358Ȯ/5-02'  ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅĴňĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇȮŏĝƞĬȮŒĝƟŏĻļœĴƟȮŏĻļ
ĕňŘŏĩƟŅȮŐĔĸĭȮŐĸŃŏĻļįĚľŇĬĮŌĬȮĴŅŒĝƟŏĮƦĬĺńĽħŋĪħŐĪĬĞňŏĴĬĨƢĽņľĶńĭėŀĬĔĶňĨĴĺĸŏĭŅıĭĺƞŅĔŅĶ
įĽĴįĽŅĬŏĻļĕňŘŏĩƟŅȮŐĔĸĭȮŐĸŃŏĻļįĚľŇĬĮŌĬŏĕƟŅĔńĭĮŌĬĞňŏĴĬĨƢĴňįĸĨƞŀĔŅĶĶńĭĔņĸńĚŀńħȮĺńĽħŋĪňŗĴňŏĻļįĚ
ľŇĬĮŌĬĴňĔņĸńĚĶńĭŐĶĚŀńħĽŌĚĔĺƞŅĺńĽħŋŀŊŗĬȮĞŉŗĚĴňįĸŀĵƞŅĚĴŅĔěŅĔĔŅĶŏıŇŗĴĨńĺŐĮĶȮħƟĺĵīĶĶĴĝŅĨŇĕŀĚŏĽƟĬŒĵ
īĶĶĴĝŅĨŇĪňŗĴňĸńĔļĦŃŏĮƦĬĬŘņȮ&hydrophilic nature) ĔŅĶŏıŇŗĴĬŘņľĬńĔŏĻļĕňŘŏĩƟŅȮ03#ȮŐĸŃŏĻļįĚ
ľŇĬĮŌĬȮ03#ȮőħĵĬŘņľĬńĔĪņŒľƟĴňĬŘņľĬńĔŏĭŅĔĺƞŅĭĸŖŀĔėŀĬĔĶňĨĪńŗĺœĮĮĶŃĴŅĦȮ1.#ȮįĸĔŅĶĪħĽŀĭ
ıĭĺƞŅĔŅĶįĽĴĺńĽħŋĪńŘĚĽŅĴĴňĻńĔĵĳŅıŒĬĔŅĶįĸŇĨėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňĬŘņľĬńĔŏĭŅĽŅĴŅĶĩŒĝƟŏĮƦĬ
ĪŅĚŏĸŊŀĔĺńĽħŋĮĶŃĔŀĭŀŅėŅĶ  (Javad Torkaman, Alireza  Ashori ŐĸŃėĦŃ, 2015)  ŐĸŃĵńĚĴň
ĚŅĬĺŇěńĵĕŀĚȮE. B. OyetolaȮ&E OYETOLA ŐĸŃȮMohammed Abdullahi, 0..4'  ĪňŗŒĝƟĺńĽħŋ
īĶĶĴĝŅĨŇĕňŘŏĩƟŅŐĔĸĭŒĬĔŅĶįĸŇĨĭĸŖŀĔĪĶŅĵĪňŗĴňĨƟĬĪŋĬĨŗņŒĬœĬěňŏĶňĵőħĵŒĝƟŏĩƟŅŐĔĸĭĞŉŗĚŏĮƦĬĕŀĚŏľĸŊŀ
ĪŇŘĚěŅĔŅĶŏĔļĨĶĬņĴŅŏĮƦĬĺńĽħŋĪħŐĪĬĞňŏĴĬĨƢŏĬŊŗŀĚěŅĔĴňĶŅėŅŐıĚŏıĶŅŃĨƟŀĚĬņŏĕƟŅŐĸŃĮĶŃŏĪĻĴň
ėĺŅĴĵŅĔěĬěŉĚĨƟŀĚĬņĺńĽħŋĪňŗŏľĸŊŀĪŇŘĚĴŅŒĝƟŒľƟŏĔŇħĮĶŃőĵĝĬƢőħĵĪņĭĸŖŀĔĕĬŅħȮ/3.ȮĴĴ,×23.ȮĴĴ,Ȯ
ĪħŐĪĬĞňŏĴĬĨƢŒĬĽńħĽƞĺĬȮ.,10,20,30,40,50 ŏĮŀĶƢŏĞŖĬĨƢȮıĭĺƞŅĔņĸńĚĶńĭŐĶĚŀńħŏıŇŗĴĕŉŘĬĨŅĴěņĬĺĬĕŀĚ
ĺńĬĪňŗĭƞĴŐĸŃĽńħĽƞĺĬĪňŗŏľĴŅŃĽĴŒĬĔŅĶĪħŐĪĬĞňŏĴĬĨƢŀĵŌƞĪňŗȮ0.ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃĚŅĬĺŇěńĵĪňŗĴňĔŅĶŒĝƟ
ŏĮĸŊŀĔľŀĵĬŅĚĶĴĭħȮ&OSP) ŐĪĬĪňŗĮŌĬĞňŏĴĬĨƢĭŅĚĽƞĺĬŒĬĔŅĶįĸŇĨŀŇģĭĸŖŀĔĮĶŃĽŅĬȮĶƟŀĵĸŃȮ., /., 
0., 1., 2.ȮŐĸŃȮ3.ȮėĺĭėŋĴĮĶŇĴŅĦĬŘņĨŅĴėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴȮ&OMC) ĕŀĚŐĨƞĸŃŀńĨĶŅĽƞĺĬȮįĸĔŅĶ
ĪħĽŀĭėƞŅĔņĸńĚŀńħĪňŗȮ5, /2, 06, 4., 7.ȮĺńĬȮŐĸŃĔŅĶħŌħĞŉĴĬŘņĪňŗȮ06ȮĺńĬȮıĭĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦĕŀĚȮ
OSP ĪņŒľƟėƞŅĔņĸńĚŀńħĸħĸĚȮŐĸŃŏıŇŗĴĔŅĶħŌħĞŉĴĬŘņȮőħĵĔŅĶŒĝƟȮOSPȮĪňŗĶƟŀĵĸŃȮ/.ȮŐĸŃȮ0.ȮįƞŅĬŏĔĦĤƢ
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ĴŅĨĶģŅĬȮĴįĝ,Ȯ4.0-0325ȮĝĬŇħœĴƞĶńĭĬŘņľĬńĔ (ĪĺŇĝȮĔĸƟŅŐĪƟ, 2560:167-177)  ŐĸŃĴňĔŅĶĬņŏĩƟŅ
ŐĔĸĭħņœĴƞĭħĴŅįĸŇĨėŀĬĔĶňĨĭĸŖŀĔŐĭĭœĴƞĶńĭĬŘņľĬńĔȮ&Hollow Non Load-Bearing Concrete 
Block'ȮĪņĔŅĶĪħĽŀĭħńĚĬňŘȮľĬƞĺĵĬŘņľĬńĔȮĔŅĶħŌĞŉĴĬŘņȮĔņĸńĚŀńħȮĔŅĶľħĨńĺŐĭĭŐľƟĚȮėĺŅĴėĚĪĬĨƞŀ
ĽĳŅıŏĮƖĵĔĽĸńĭŐľƟĚȮĔŅĶĽŌĠŏĽňĵĬŘņľĬńĔŏĬŊŗŀĚěŅĔįĸĕŀĚĔĶħĨƞŅĚŕȮőħĵŒĝƟŏĩƟŅŐĔĸĭěŅĔőĶĚĚŅĬįĸŇĨ
ĔĶŃŐĽœĲĲƚŅŐĸŃŏĩƟŅŐĔĸĭěŅĔőĶĚĽňĕƟŅĺȮőħĵĨńĺŐĮĶĪňŗĻŉĔļŅėŊŀĔŅĶŐĪĬĪňŗľŇĬİŋƙĬȮŒĬŀńĨĶŅĽƞĺĬĶƟŀĵĸŃȮ
.,10,15,20 őħĵĬŘņľĬńĔȮŐĸŃŀńĨĶŅĽƞĺĬĬŘņĨƞŀĞňŏĴĬĨƢŀĵŌƞŒĬĝƞĺĚĶƟŀĵĸŃȮ.,31-.,42ȮőħĵĬŘņľĬńĔȮěŅĔ
ĔŅĶĪħĽŀĭıĭĺƞŅĬŘņľĬńĔėŀĬĔĶňĨĭĸŖŀĔĸħĸĚŏĴŊŗŀĶƟŀĵĸŃĔŅĶŐĪĬĪňŗĕŀĚŏĩƟŅŐĔĸĭŏıŇŗĴĕŉŘĬȮŐĸŃĔŅĶ
ŏıŇŗĴĕŀĚŏĩƟŅŐĔĸĭœĴƞĽƞĚįĸĨƞŀĔņĸńĚŀńħĕŀĚĴĺĸĶĺĴȮĽŅĴŅĶĩįƞŅĬŏĔĦĤƢĴŅĨĶģŅĬȮĴŀĔ,36-031.ȮĽƞĺĬ
ėƞŅĔŅĶħŌĞŉĴĬŘņȮĔŅĶľħĨńĺŐĭĭŐľƟĚėĺŅĴėĚĪĬĨƞŀĔŅĶĔńĔĔĶƞŀĬĴňėƞŅŏıŇŗĴĕŉŘĬȮőħĵĽŅĴŅĶĩĬņŐĔĸĭħņœĴƞ
ĭħĴŅĪħŐĪĬľŇĬİŋƙĬœħƟŒĬŀńĨĶŅĽƞĺĬĶƟŀĵĸŃȮ0.ȮőħĵĬŘņľĬńĔŏıŊŗŀįĸŇĨėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔįƞŅĬ
ĴŅĨĶģŅĬȮĴŀĔ,36-031.Ȯ&ĭńĦĤŇĨȮĶńĔļŅħň, 0326' 

ĬŀĔěŅĔŐĔĸĭŐĸƟĺĮŅĸƢĴĬŘņĴńĬĵńĚŏĮƦĬŀňĔĺńĽħŋĪňŗĴňėĺŅĴĬŇĵĴŒĬĔŅĶĬņĴŅıńĥĬŅŒĬĚŅĬħƟŅĬ
ėŀĬĔĶňĨĭĸŖŀĔȮőħĵŏĮƦĬĔŅĶĻŉĔļŅėŀĬĔĶňĨĭĸŖŀĔīĶĶĴħŅĔńĭėŀĬĔĶňĨĭĸŖŀĔĮŅĸƢĴĬŘņĴńĬĨŅĴ
ĴŅĨĶģŅĬȮĴŀĔ,36-031.ȮŏıŊŗŀĻŉĔļŅľŅĮĶŇĴŅĦŏĩƟŅĮŅĸƢĴĬŘņĴńĬĪňŗŏľĴŅŃĽĴŒĬĔŅĶĶńĭŐĶĚŀńħŐĸŃĔŅĶ
ħŌħĞŉĴĬŘņȮĽŅŏľĨŋĴŅěŅĔĮŌĬĞňŏĴĬĨƢĪňŗĴňĶŅėŅėƞŀĬĕƟŅĚĽŌĚŒĬĮƤěěŋĭńĬȮĔŅĶĻŉĔļŅŒĬėĶńŘĚĬňŘŒĝƟĽńħĽƞĺĬĔŅĶįĽĴ
ėŀĬĔĶňĨĭĸŖŀĔŒĬěńĚľĺńħĨĶńĚȮėŊŀĮŌĬĞňŏĴĬĨƢ:ĪĶŅĵ:ľŇĬİŋƙĬȮŏĪƞŅĔńĭȮ.,/0ȮĔŇőĸĔĶńĴ: 0.37 ĔŇőĸĔĶńĴ:0,6Ȯ
ĔŇőĸĔĶńĴȮœħƟĔņĸńĚĨƟŅĬŐĶĚŀńħȮ13,14ȮĔŇőĸĔĶńĴĨƞŀĨŅĶŅĚĞĴ,ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅĴŅĨĶģŅĬ
įĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴĔņľĬħœĺƟĪňŗȮ03ȮĔŇőĸĔĶńĴĨƞŀĨŅĶŅĚĞĴ,ȮĬņŏĩƟŅĮŅĸƢĴĬŘņĴńĬŐĪĬĪňŗĮŌĬĞňŏĴĬĨƢőħĵ
ĸħĮĶŇĴŅĶĸĚėĶńŘĚĸŃȮ3% 10% 15% 20% 25%ĨŅĴĸņħńĭȮįĸĮĶŅĔĢĺƞŅėŀĬĔĶňĨĭĸŖŀĔįĽĴŏĩƟŅĮŅĸƢĴ
ĬŘņĴńĬĪňŗŒĔĸƟŏėňĵĚĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴŀĵŌƞĪňŗȮ3%ȮĴňėƞŅŏĪƞŅĔńĭȮ/7,30ȮĔŇőĸĔĶńĴĨƞŀĨŅĶŅĚĞĴ,ȮŐĸŃȮ10%Ȯ
ĴňėƞŅŏĪƞŅĔńĭȮ0.,33ȮĔŇőĸĔĶńĴĨƞŀĨŅĶŅĚĞĴ,ȮĽƞĺĬŀńĨĶŅĽƞĺĬŀŊŗĬœĴƞįƞŅĬŏĔĦĤƢĴŅĨĶģŅĬȮ&ĻĶńĦȮŀĬŋĔŌĸıńĬīƢ, 
0326'  ĔŅĶıńĥĬŅĔŃĸŅĮŅĸƢĴĭĸŖŀĔĬŘņľĬńĔŏĭŅȮĪňŗĽŅĴŅĶĩĸħėĺŅĴĶƟŀĬŏĕƟŅĽŌƞĨńĺŀŅėŅĶȮőħĵĬņĕňŘŏĩƟŅ
ĮŅĸƢĴĬŘņĴńĬŐĸŃĔŃĸŅĮŅĸƢĴĬŘņĴńĬȮĞŉŗĚŏĮƦĬĺńĽħŋĪňŗŏľĸŊŀěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨŀŋĨĽŅľĔĶĶĴĔŅĶŏĔļĨĶȮ
ŒĝƟĺŇīňĔŅĶľĸƞŀĔƟŀĬĨńĺŀĵƞŅĚĪħĽŀĭŏıŊŗŀľŅŀńĨĶŅĽƞĺĬįĽĴĪňŗȮŏľĴŅŃĽĴŏĮĶňĵĭŏĪňĵĭĔńĭĴŅĨĶģŅĬ
ėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮĨŅĴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴȮĴŀĔ,36-0311ȮŐĸŃĪħĽŀĭėƞŅ
ĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĨŅĴĴŅĨĶģŅĬĔŅĶĪħĽŀĭȮASTM C518ȮįĸĔŅĶĪħĽŀĭıĭĺƞŅȮėŀĬĔĶňĨ
ĭĸŖŀĔĪňŗĴňĕňŘŏĩƟŅĮŅĸƢĴĬŘņĴńĬŐĸŃĔŃĸŅĮŅĸƢĴĬŘņĴńĬĪňŗĴňŀńĨĶŅĽƞĺĬįĽĴĕŀĚĮŌĬĞňŏĴĬĨƢȮ.,1ȮĨƞŀĕňŘŏĩƟŅĮŅĸƢĴ
ĬŘņĴńĬȮ.,5ȮĨƞŀĔŃĸŅĮŅĸƢĴĬŘņĴńĬȮ/ȮőħĵĴĺĸŐĸŃĬŘņŀĵŌƞĪňŗȮ10,51%ȮĕŀĚĴĺĸĶĺĴĕŀĚĕňŘŏĩƟŅĮŅĸƢĴĬŘņĴńĬ
ŐĸŃĔŃĸŅĮŅĸƢĴĬŘņĴńĬŒľƟįĸĔŅĶĶńĭĬŘņľĬńĔĔħŀńħħňĪňŗĽŋħėŊŀȮ26,236ȮĔŇőĸĔĶńĴĨƞŀĨŅĶŅĚĞĴ, 
įƞŅĬĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴȮĴŀĔ,36-0311ȮőħĵĴňĔŅĶĮĶńĭŏĮĸňŗĵĬĮĶŇĴŅĦĬŘņŀĵŌƞĪňŗĶŃľĺƞŅĚ 
04-16%ȮĕŀĚĴĺĸĶĺĴĶŃľĺƞŅĚĕňŘŏĩƟŅĮŅĸƢĴĬŘņĴńĬŐĸŃĔŃĸŅĮŅĸƢĴĬŘņĴńĬıĭĺƞŅėŀĬĔĶňĨĪňŗĴňĮĶŇĴŅĦĬŘņ 
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ŀĵŌƞĪňŗȮ1.Ȯ%ȮĽŅĴŅĶĩĶńĭĔņĸńĚĔħŀńħĨŅĴĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴȮĴŀĔ,36-0311ȮőħĵĴň 
ėƞŅĬŘņľĬńĔĨŗņĽŋħėŊŀȮ/,2/0ȮkgȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĨŗņĽŋħŀĵŌƞĪňŗȮ.,00/ȮW/m*k 
ĞŉŗĚĨŗņĔĺƞŅėŀĬĔĶňĨĭĸŖŀĔĪńŗĺœĮĨŅĴĪƟŀĚĨĸŅħĪňŗĴňėƞŅĬŘņľĬńĔȮ4,21ȮkgȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴ
ĶƟŀĬĨŗņĽŋħŀĵŌƞĪňŗȮ.,3/7ȮW/m*kȮěŅĔĔŅĶĻŉĔļŅŏĭŊŘŀĚĨƟĬıĭėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶıńĥĬŅėŀĬĔĶňĨĭĸŖŀĔ
ĮŅĸƢĴĬŘņĴńĬĪňŗĽŅĴŅĶĩĸħėĺŅĴĶƟŀĬŏĕƟŅĴŅĳŅĵŒĬŀŅėŅĶœħƟ 

ěŅĔĔŅĶĻŉĔļŅĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĵńĚıĭĺƞŅĴňĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĴŅŐĮĶĶŌĮŏĮƦĬŏĽƟĬŒĵȮőħĵ
ıĭĺƞŅȮĴňĔŅĶĬņŏĽƟĬŒĵĴŅŒĝƟőħĵŏĽƟĬŒĵĪňŗŏıŇŗĴĕŉŘĬŐĸŃĽńħĽƞĺĬĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚĴĺĸĶĺĴȮįĸĔŅĶĪħĽŀĭ
ĶŃĭŋĺƞŅĔŅĶŒĝƟŏĽƟĬŒĵīĶĶĴĝŅĨŇĝƞĺĵĸħĴĺĸĶĺĴľĵŅĭőħĵŒĝƟŐĪĬĪňŗŀŇģľĶŊŀľŇĬŒĬėŀĬĔĶňĨěŃœĴƞĽƞĚįĸ
ĔĶŃĪĭĨƞŀĽĴĶĶĩĬŃħńħĚŀĕŀĚėŀĬĔĶňĨȮ(Elie Awwad, Mounir Mabsout ŐĸŃėĦŃ, 2012: 710-
717) ŀŇģĭĸŖŀĔĴĺĸŏĭŅĪňŗįĽĴŏĽƟĬŒĵĔĸƟĺĵȮŏĮƦĬĔŅĶĬņĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĴŅŒĝƟŒľƟŏĔŇħ
ĮĶŃőĵĝĬƢŐĸŃĸħĔŅĶŒĝƟĪĶńıĵŅĔĶīĶĶĴĝŅĨŇȮőħĵŐĭƞĚĔŅĶĻŉĔļŅŀŀĔŏĮƦĬȮ0ȮĔĶĦňȮŒĝƟŏĽƟĬŒĵĔĸƟĺĵŏĮƦĬ
ĺńĽħŋįĽĴĪħŐĪĬĮŌĬĞňŏĴĬĨƢȮŐĸŃĪħŐĪĬĪĶŅĵȮŒĬĶŃĵŃŏĺĸŅĔŅĶĭƞĴĬŘņȮ06ȮĺńĬȮıĭĺƞŅȮŒĬĽńħĽƞĺĬĶƟŀĵ
ĸŃȮ0,3ȮĴňėĺŅĴľĬŅŐĬƞĬŐĸŃėƞŅĔŅĶĨƟŅĬĪŅĬŐĶĚŀńħĽŌĚĽŋħȮėŊŀȮ/,154ȮĔŇőĸĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏĴĨĶȮŐĸŃȮ
43,03ȮĔŇőĸĔĶńĴĨƞŀĨŅĶŅĚĞĴ,ȮĨŅĴĸņħńĭȮįĸėƞŅĔŅĶħŌħĞŉĴĬŘņȮŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴĵŅĺĴňėƞŅĽŌĚĽŋħ
ĪňŗĮĶŇĴŅĦŏĽƟĬŒĵĔĸƟĺĵĶƟŀĵĸŃȮ5,3ȮĴňėƞŅŏĪƞŅĔńĭĶƟŀĵĸŃȮ10,64ȮŐĸŃĶƟŀĵĸŃȮ.,/0ȮĨŅĴĸņħńĭȮħńĚĬńŘĬŀŇģ
ĭĸŖŀĔĴĺĸŏĭŅįĽĴŏĽƟĬŒĵĔĸƟĺĵȮĞŉŗĚĴňŀńĨĶŅĽƞĺĬĶƟŀĵĸŃȮĶŃľĺƞŅĚȮĪĶŅĵȮ: ĮŌĬĞňŏĴĬĨƢȮ: ĮŌĬĕŅĺȮ: ĵŇĮĞńŗĴ : 
įĚŀŃĸŌĴŇŏĬňĵĴȮ: ŏĽƟĬŒĵĔĸƟĺĵȮėŊŀȮ50 : 27.5 : 9 : 9 : 2 : 2.5 ŏĴŊŗŀĬņįĸĔŅĶĪħĽŀĭœĮŏĪňĵĭĔńĭ
ĴŅĨĶģŅĬȮĴŀĔ,/3.3-032/ȮıĭĺƞŅȮĴňėƞŅŀĵŌƞŒĬĝƞĺĚĪňŗȮĴŀĔ,ȮĔņľĬħœĺƟȮĔŅĶĬņŏĽƟĬŒĵĔĸƟĺĵěŉĚŏĮƦĬŀňĔ
ŐĬĺĪŅĚĪňŗĴňėĺŅĴĬƞŅĽĬŒěŐĸŃĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟœħƟěĶŇĚȮŐĪĬĔŅĶŒĝƟĺńĽħŋįĽĴĪňŗĨƟŀĚĬņĴŅěŅĔ
ĪĶńıĵŅĔĶīĶĶĴĝŅĨŇőħĵĨĶĚ Ȯ&ĺĶĬŋĝȮħňĸŃĴńĬ, ĔńĸĪŇĴŅȮŏĝŅĺƢĝŅĠĝńĵĔŋĸȮŐĸŃėĦŃ, 0337'  

ĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĴŅŏĮƦĬĺńĽħŋįĽĴŒĬėŀĬĔĶňĨŏıŊŗŀĔŅĶŒĝƟĚŅĬŒĬĔŅĶĔƞŀĽĶƟŅĚőħĵĨĶĚŐĸƟĺȮ
ĵńĚĴňĔŅĶĬņĴŅĕŉŘĬĶŌĮŏĮƦĬėŀĬĔĶňĨĭĸŖŀĔŏıŊŗŀŏĮƦĬĪŅĚŏĸŊŀĔŒľĴƞħƟŅĬĺńĽħŋĚŅĬĔƞŀĽĶƟŅĚĪňŗŏĮƦĬĴŇĨĶĔńĭ
ĽŇŗĚŐĺħĸƟŀĴȮŀīŇŏĝƞĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňĕňŘŏĩƟŅŐĔĸĭŏĮƦĬĺńĽħŋĔƞŀĽĶƟŅĚĝĬŇħŒľĴƞŏıŊŗŀĪħŐĪĬĭĸŖŀĔŏħŇĴĪňŗĴň
ŀĵŌƞŒĬĨĸŅħȮőħĵĨƟŀĚŏĕƟŅŒěėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋĪňŗŒĝƟĔƞŀĬŏıŊŗŀŒľƟœħƟĭĸŖŀĔėŀĬĔĶňĨĪňŗĨƟŀĚĔŅĶȮőħĵĪńŗĺœĮ
ĭĪėĺŅĴĬňŘĬņŏĽĬŀĔŅĶĻŉĔļŅŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏĔňŗĵĺĔńĭįĸĔĶŃĪĭĕŀĚĔŅĶŏįŅĕĵŃŏĩƟŅŐĔĸĭȮ&GIRHA) 
ĨƞŀėŋĦĽĴĭńĨŇĕŀĚĭĸŖŀĔėŀĬĔĶňĨȮĔŅĶĪħĽŀĭĔņĸńĚĶńĭŐĶĚŀńħĔŅĶħŌħĞńĭĬŘņĔŅĶŏėĸŊŗŀĬœľĺĕŀĚėĺŅĴĝŊŘĬ
ŐĸŃőĴħŌĸńĽėĺŅĴĵŊħľĵŋƞĬȮĔŅĶĺŇŏėĶŅŃľƢŏĭŊŘŀĚĨƟĬĕŀĚĺńĽħŋĪňŗŏĮƦĬĽƞĺĬĮĶŃĔŀĭĕŀĚĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢ
īĶĶĴħŅŐĸŃėŀĬĔĶňĨĭĸŖŀĔŏĩƟŅŐĔĸĭœħƟħņŏĬŇĬĔŅĶĪħĽŀĭėĺŅĴŏľĴŅŃĽĴĪŅĚĔŅĵĳŅıĕŀĚĽƞĺĬįĽĴ
ĪňŗŏĨĶňĵĴœĺƟȮėŀĬĔĶňĨĭĸŖŀĔĕĬŅħȮ17.Ȯx /7.Ȯx /..ȮĴĴ,ȮĩŌĔľĸƞŀŐĸŃĭħŀńħħƟĺĵėƟŀĬȮKANGO ŏĮƦĬ
ŏĺĸŅȮ5, /2, 06ȮŐĸŃȮ4.ȮĺńĬȮĪňŗĶŃħńĭȮ., /., /3ȮŐĸŃȮ0.ȮŏĮŀĶƢŏĞŖĬĨƢȮĽĶŋĮœħƟĺƞŅȮĽŅĴŅĶĩįĸŇĨŀŇģĭĸŖŀĔ
ĮĶŃĽŇĪīŇĳŅıĽŌĚőħĵŒĝƟĕňŘŏĩƟŅŐĔĸĭȮ&RHA) ŏĮƦĬĺńĽħŋĪħŐĪĬĞňŏĴĬĨƢȮĔņĸńĚŀńħĕŀĚĭĸŖŀĔėŀĬĔĶňĨěŃ
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ŏıŇŗĴĕŉŘĬĨŅĴŀŅĵŋĪňŗĭƞĴŐĸŃĸħĸĚĨŅĴŏĮŀĶƢŏĞŖĬĨƢĕŀĚĮĶŇĴŅĦȮRHA ĪňŗŏıŇŗĴĕŉŘĬȮěŅĔĔŅĶĻŉĔļŅıĭĺƞŅĔŅĶ
ĪħŐĪĬĺńĽħŋĪňŗŏľĴŅŃĽĴŀĵŌƞĪňŗȮ/3#  ĔŅĶıńĥĬŅŀŇģĭĸŖŀĔěŅĔĕƟŅĺĲŅĚĪňŗĴňĔŅĶĶńĭĔņĸńĚŐĶĚŀńħȮįƞŅĬ
ĴŅĨĶģŅĬȮėŊŀȮŀńĨĶŅĽƞĺĬĪňŗĴňĮĶŇĴŅĦĮŌĬĞňŏĴĬĨƢȮ&600 ĔĶńĴ'ȮľŇĬİŋƙĬȮ&2,400 ŐĸŃȮ3,000 ĔĶńĴ'ȮĲŅĚĕƟŅĺȮ
&50 ĔĶńĴ'ȮŐĸŃȮĬŘņȮ40% ĕŀĚĬŘņľĬńĔȮĮŌĬĞňŏĴĬĨƢȮȮ&ĔĬĔŏĬĨĶȮŏıŖĝĶĪŀĚĝƞĺĵȮŐĸŃȮőĽĳŅȮĺŇĻŇļĢƢĻńĔħŇś, 
034/8Ȯ1/1-115'  ŒĬĕĦŃĪňŗĚŅĬĺŇěńĵĕŀĚĽĴėŏĦȮŏĔňĵĶĨŇĔƟŀĚ (ĽĴėŏĦȮŏĔňĵĶĨŇĔŀĚ, 2556: 213-217) 
ŏĮƦĬĔŅĶľŅŀńĨĶŅĽƞĺĬĪňŗŏľĴŅŃĽĴĕŀĚĮŌĬĞňŏĴĬĨƢȮħŇĬŏĞĶŅĴŇĔȮŐĸŃŏĻļŒĭœĴƟȮŏıŊŗŀŒĝƟĪņĭĸŖŀĔĸŌĔĭŅĻĔƢȮ
ĕĬŅħȮ3Ȯx 5 x 5 ĞĴ,ȮěŅĔĽƞĺĬįĽĴȮ1ȮĽŌĨĶȮĞŉŗĚŐĨƞĸŃĽŌĨĶĮĶŃĔŀĭħƟĺĵĨńĺŀĵƞŅĚȮ/.ȮĔƟŀĬőħĵœħƟĪħĽŀĭ
ĔŅĶħŌħĞŉĴĬŘņŐĸŃľŅėĺŅĴľĬŅŐĬƞĬľĸńĚěŅĔŐĝƞĭĸŖŀĔėŀĬĔĶňĨŒĬĬŘņȮ2ȮĺńĬȮĶĺĴĪńŘĚĪħĽŀĭĔņĸńĚĶńĭ
ŐĶĚŀńħȮįĸĔŅĶĺŇěńĵıĭĺƞŅŏĴŊŗŀŏıŇŗĴŀńĨĶŅĽƞĺĬĕŀĚħŇĬŏĞĶŅĴŇĔĴŅĔĕŉŘĬěŃĪņŒľƟĭĸŖŀĔėŀĬĔĶňĨĴňėĺŅĴ
ľĬŅŐĬƞĬŐĸŃĔņĸńĚŀńħĸħĸĚőħĵĭĸŖŀĔėŀĬĔĶňĨĪňŗĪņěŅĔĽŌĨĶȮ1Ȯ&ŀńĨĶŅĽƞĺĬȮĮŌĬĞňŏĴĬĨƢȮ8ȮħŇĬŏĞĶŅĴŇĔ8Ȯ
ŏĻļŒĭœĴƟȮŏĪƞŅĔńĭȮ/,..Ȯ8Ȯ.,3.Ȯ8Ȯ.,.1'ȮĴňėĺŅĴľĬŅŐĬƞĬŏĜĸňŗĵȮȮ/,.2.,0.ȮĔĔ,-Ĵ,1ȮŐĸŃĔņĸńĚ 
ĶńĭȮŐĶĚŀńħŏĜĸňŗĵȮ//,.7Ȯksc. ĞŉŗĚĴňėƞŅĽŌĚĔĺƞŅĽŌĨĶŀŊŗĬȮĽƞĺĬĔŅĶħŌħĞŉĴĬŘņıĭĺƞŅŏĴŊŗŀŏıŇŗĴŀńĨĶŅĽƞĺĬĕŀĚ 
ħŇĬŏĞĶŅĴŇĔĴŅĔȮĕŉŘĬěŃĪņŒľƟĭĸŖŀĔėŀĬĔĶňĨħŌħĞŉĴĬŘņŏıŇŗĴĕŉŘĬȮħńĚĬńŘĬįĸĔŅĶĺŇěńĵĬňŘěŉĚĝňŘŒľƟŏľŖĬĺƞŅħŇĬ 
ŏĞĶŅĴŇĔœĴƞŏľĴŅŃŏĮƦĬĽƞĺĬįĽĴĽņľĶńĭĪņĭĸŖŀĔėŀĬĔĶňĨȮĪňŗĨƟŀĚĔŅĶėĺŅĴŐĕŖĚŐĶĚĽŌĚȮŐĨƞŏľĴŅŃĔńĭĚŅĬ
ĨĔŐĨƞĚȮŏĝƞĬȮŀŇģĪŅĚŏĪƟŅȮŐĸŃįĬńĚĔĶŃŏĭŊŘŀĚŐĸŃĴňĔŅĶŒĝƟĔŅĔŐėĸŏĞňĵĴėŅĶƢœĭħƢĪňŗœħƟěŅĔőĶĚĚŅĬőħĵĨĶĚ
įĽĴĔńĭŏĩƟŅĩƞŅĬľŇĬȮŐĸŃĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢĮĶŃŏĳĪĪňŗȮ1 ŏıŊŗŀŏĮƦĬĺńĽħŋĮĶŃĽŅĬŒĬėŀĬĔĶňĨȮőħĵŒĝƟ
ĔŅĔŐėĸŏĞňĵĴėŅĶƢœĭħƢěŅĔőĶĚĚŅĬőħĵĨĶĚȮĪňŗĴňĕĬŅħŀĬŋĳŅėįƞŅĬĨŃŐĔĶĚŏĭŀĶƢȮ8 ŐĸŃŒĝƟĽƞĺĬįĽĴȮ
&ĺŇŏĝňĵĶȮĝŅĸňȮŐĸŃȮĦńģĔĶȮŐĬĭĪŀĚ, 03338Ȯ16-27'Ȯ 

ěŅĔĔŅĶĪĭĪĺĬĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĴŅŒĝƟŏĮƦĬĽƞĺĬįĽĴĪħŐĪĬĺńĽħŋ
ĴĺĸĶĺĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮĽŅĴŅĶĩĽĶŋĮœħƟŏĮƦĬŐĬĺĪŅĚŏıŊŗŀĔŅĶıńĥĬŅĨƞŀĵŀħĕŀĚĚŅĬĺŇěńĵĨƞŀœĮħńĚĬňŘ 

1) ĔŅĶŒĝƟĺńĽħŋīĶĶĴĝŅĨŇĴŅŒĝƟŏĮƦĬĽƞĺĬįĽĴĪħŐĪĬĺńĽħŋĴĺĸĶĺĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮĨƟŀĚĴň
ĽńħĽƞĺĬĪňŗıŀŏľĴŅŃȮĞŉŗĚĔŅĶŏıŇŗĴĺńĽħŋīĶĶĴĝŅĨŇĪħŐĪĬĺńĽħŋĴĺĸĶĺĴěŃĴňįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃėŋĶĽĴĭńĨŇĪŅĚĔĸĕŀĚėŀĬĔĶňĨĭĸŖŀĔ 

2) ĔŅĶŏıŇŗĴĺńĽħŋīĶĶĴĝŅĨŇŏĕƟŅœĮŒĬĽƞĺĬįĽĴĪħŐĪĬĺńĽħŋĴĺĸĶĺĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮěŃĪņŒľƟ
ėƞŅĬŘņľĬńĔŐĸŃėĺŅĴľĬŅŐĬƞĬĴňėƞŅĸħĸĚ 

3) ĔŅĶŏıŇŗĴĺńĽħŋīĶĶĴĝŅĨŇŏĕƟŅœĮŒĬĽƞĺĬįĽĴĪħŐĪĬĺńĽħŋĴĺĸĶĺĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮěŃĪņŒľƟ
ėƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚŀńħĴňėƞŅĸħĸĚȮĞŉŗĚėƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚŀńħěŃŐĮĶįĔįńĬĔńĭĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇ
ĪňŗŏıŇŗĴ 

4) ĔŅĶŏıŇŗĴĺńĽħŋīĶĶĴĝŅĨŇŏĕƟŅœĮŒĬĽƞĺĬįĽĴĪħŐĪĬĺńĽħŋĴĺĸĶĺĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮěŃĪņŒľƟ
ėƞŅĔŅĶħŌħĔĸŊĬĬŘņŐĸŃėƞŅĔŅĶľħĨńĺĪŅĚĵŅĺĴňėƞŅĽŌĚĕŉŘĬȮĞŉŗĚėƞŅĮĶŇĴŅĦėĺŅĴĝŊŘĬěŅĔĔŅĶħŌħĔĸŊĬĬŘņŐĸŃ
ĔŅĶľħĨńĺĪŅĚĵŅĺěŃŐĮĶįńĬĨĶĚĔńĭĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏıŇŗĴŏĕƟŅœĮ 
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5) ĔŅĶŏıŇŗĴĺńĽħŋīĶĶĴĝŅĨŇŏĕƟŅœĮŒĬĽƞĺĬįĽĴĪħŐĪĬĺńĽħŋĴĺĸĶĺĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮěŃĪņŒľƟ
ėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĴňėƞŅĸħĸĚȮĞŉŗĚėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬěŃŐĮĶįńĬĨĶĚĔńĭ
ĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏıŇŗĴŏĕƟŅœĮ 

 
2. ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM' 
ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&Phase change material, PCM) ėŊŀȮĶŃĭĭŏĔŖĭėĺŅĴĶƟŀĬĪňŗŒĝƟĽŅĶ

ŏĮĸňŗĵĬĽĩŅĬŃěŅĔĕŀĚŐĕŖĚŏĮƦĬĕŀĚŏľĸĺȮŏĮƦĬĶŃĭĭĪňŗĴňĮĶŃĽŇĪīŇĳŅıħňĔĺƞŅĶŃĭĭŏĔŖĭĽŃĽĴėĺŅĴĶƟŀĬ
ĽńĴįńĽȮĕƟŀħňĕŀĚĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮėŊŀ ėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇĬƟŀĵŒĬĝƞĺĚĔŅĶĭĶĶěŋŐĸŃ
ĩƞŅĵŏĪėĺŅĴĶƟŀĬŐĸŃėĺŅĴěŋėĺŅĴĶƟŀĬĽŌĚĔĺƞŅĺńĽħŋŏĔŖĭėĺŅĴĶƟŀĬĽńĴįńĽŐĨƞĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĽƞĺĬŒľĠƞ
ĴňėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĨŗņĪņŒľƟŀńĨĶŅĔŅĶĭĶĶěŋŐĸŃĮĸƞŀĵėĺŅĴĶƟŀĬĨŗņ (ĽĴĝŅĵȮŏěňĵěŇĨĨƢĽĺńĽħŇś, 2558) 
ħńĚĬńŘĬĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŏĮƦĬĽŇŗĚĽņėńĠŒĬĚŅĬĺŇěńĵėĶńŘĚĬňŘȮěŅĔĔŅĶĻŉĔļŅ
ĚŅĬĺŇěńĵıĭĺƞŅȮĴňĔŅĶŒĝƟ Parafin ŏĮƦĬĨńĺĭƞĴėŀĬĔĶňĨȮőħĵĔŅĶĭƞĴėŀĬĔĶňĨŏĮƦĬĔĶŃĭĺĬĔŅĶŒĬĔŅĶ
ĶńĔļŅėĺŅĴĝŊŘĬĪňŗŏľĴŅŃĽĴőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚĳŅĵŒĬȮ28ȮĺńĬȮĴňľĸŅĵĽŅŏľĨŋĪňŗėŀĬĔĶňĨœĴƞĽŅĴŅĶĩĭƞĴœħƟ
ŏĝƞĬėĺŅĴįŇħıĸŅħħƟŅĬĨƞŅĚŕȮĔŅĶĕŅħŐėĸĬĬŘņȮĚŅĬĺŇěńĵĬňŘŒĝƟĺńĽħŋȮHydrophilicȮėŊŀĽŅĶĪňŗĝŀĭĶĺĴĨńĺ
ĔńĭĬŘņŏĝƞĬȮőıĸňŏŀĪŇĸňĬȮĕňŘįŉŘĚ Parafin ȮĔĶħŀŃėĶŇĸŇĔȮĴŅŒĝƟŒĬŏĪėĬŇėĔŅĶĭƞĴĨńĺŏŀĚĕŀĚėŀĬĔĶňĨȮőħĵ
ĻŉĔļŅĕňŘįŉŘĚ Parafin ŏľĸĺȮ&ĬŘņľĬńĔȮ0.1%ȮĕŀĚĞňŏĴĬĨƢ'ȮŐĸŃŏĮĶňĵĭŏĪňĵĭĔńĭėŀĬĔĶňĨĪňŗĭƞĴŐĭĭħńŘĚŏħŇĴȮ
őħĵŏıŇŗĴĬŘņĵŅįĽĴȮConplast SP430Ȯ&ĬŘņľĬńĔȮ0.3%ȮĕŀĚĞňŏĴĬĨƢ'ȮĽńħĽƞĺĬĽƞĺĬįĽĴĔŅĶŀŀĔŐĭĭėŊŀȮ
1:1.45:2.95ȮıĭĺƞŅȮĔņĸńĚŀńħĕŀĚėŀĬĔĶňĨĭƞĴĨńĺĸħĸĚȮ1.48%ȮȮėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚŐĵĔĕŀĚ
ėŀĬĔĶňĨĭƞĴħƟĺĵĨĬŏŀĚĸħĸĚȮ6.19%ȮėĺŅĴŐĕŖĚŐĶĚĕŀĚėŀĬĔĶňĨĪňŗĭƞĴĨńĺŏŀĚĬńŘĬŀĵŌƞŒĬĶŃħńĭĪňŗŏĪƞŅĔńĭ
ėŀĬĔĶňĨĪńŗĺœĮȮ(N.VENKATA  REDDY ŐĸŃȮI.S.ANVESH REDDY, 2016: 29-34)  ŐĸŃĵńĚĴňĔŅĶ
ĪħĽŀĭėŋĦĽĴĭńĨŇėŀĬĔĶňĨŏĴŊŗŀŏĨŇĴ  Parafin ȮŏıŊŗŀěŃĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĕňŘįŉŘĚȮ Parafin ȮĸĚŒĬ
ĮŌĬĞňŏĴĬĨƢĮŀĶƢĨŐĸĬħƢȮŏıŊŗŀŏıŇŗĴėĺŅĴĪĬĪŅĬŐĸŃĸħėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĬŘņĕŀĚėŀĬĔĶňĨȮ
įĸĔŅĶĺŇěńĵĔŅĶŏıŇŗĴĮĶŇĴŅĦĕňŘįŉŘĚ  Parafin ĽƞĚįĸŒľƟĔņĸńĚĶńĭŐĶĚŀńħŐĸŃĔŅĶħŌħĞŉĴĬŘņ
ĸħĸĚ  (Tumadhir M ŐĸŃȮAl-Jabiri, 2006: 835-840).  ŒĬĕĦŃĪňŗĭĪėĺŅĴĬňŘĬņŏĽĬŀįĸĕŀĚ
ĔŅĶĻŉĔļŅĪħĸŀĚĕŀĚĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)s) ŒĬėŀĬĔĶňĨĞňŏĴĬĨƢ
ıŀĶƢĨŐĸĬħƢȮĔŅĶĻŉĔļŅėĶńŘĚĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚėŀĬĔĶňĨŏĮƦĬĺńĽħŋ
őėĶĚĽĶƟŅĚȮįĸĔŅĶĺŇěńĵıĭĺƞŅĔŅĶŏıŇŗĴȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) œĴƞĽŌĠŏĽňĵĔņĸńĚŀńħŏĪƞŅĔńĭĺŇīňĔŅĶŏĨŇĴ
ĪĶŅĵĽŌĚĽŋħĪňŗȮ0.#ȮėĺŅĴĶƟŀĬěņŏıŅŃĕŀĚėŀĬĔĶňĨŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔȮħńĚĬńŘĬĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚ
ėŀĬĔĶňĨěŃĸħĸĚŐĸŃėŋĦĽĴĭńĨŇėĺŅĴŏĮƦĬĜĬĺĬĕŀĚėŀĬĔĶňĨěŃħňĕŉŘĬŀŅěĪņŒľƟėŀĬĔĶňĨĽŌĠŏĽňĵėĺŅĴ
ŐĕŖĚŐĶĚŒĬĝƞĺĚĪňŗĵŀĴĶńĭœħƟȮĕĬŅħȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ĪňŗĩŌĔľƞŀľŋƟĴėĺĶĩŌĔěņĔńħœĴƞŒľƟĩŉĚȮ1#Ȯ
ŏıŊŗŀėĺŅĴŐĕŖĚŐĶĚĕŀĚėŀĬĔĶňĨȮ&D. Snoeck, B. Priem ŐĸŃėĦŃ, 0./4'ȮĨĸŀħěĬĴňĚŅĬĺŇěńĵĪňŗĪņ
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ĔŅĶıńĥĬŅĶŃĭĭĽŃĽĴėĺŅĴĶƟŀĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔőħĵĴňĺńĨĩŋĮĶŃĽĚėƢľĸńĔŏıŊŗŀĻŉĔļŅĽńħĽƞĺĬĕŀĚ
ĮŌĬĞňŏĴĬĨƢȮŒĬĔŅĶĽĶƟŅĚĽĴĭńĨŇĔŅĶĽŃĽĴėĺŅĴĶƟŀĬĕŀĚŐįƞĬėŀĬĔĶňĨĭĸŖŀĔȮőħĵŀŅĻńĵĔŅĶĽŃĽĴ
ıĸńĚĚŅĬėĺŅĴĶƟŀĬŏıŊŗŀĽĶƟŅĚĽĳŅıĔŅĶŏĮĸňŗĵĬŏĲĽĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘŏĸŊŀĔŒĝƟ  
Parafin  ŏĮƦĬĺńĽħŋĽŃĽĴėĺŅĴĶƟŀĬȮőħĵįĸĔŅĶĻŉĔļŅıĭĺƞŅŐįƞĬėŀĬĔĶňĨĭĸŖŀĔĽŃĽĴėĺŅĴĶƟŀĬĪňŗĴň  
Parafin  ŀĵŌƞĶƟŀĵĸŃȮ2.ȮŐĸŃĶƟŀĵĸŃȮ4.ȮĬńŘĬįƞŅĬĴŅĨĶģŅĬĴŀĔ,156-031/ȮŐĸŃ  Parafin ĶƟŀĵĸŃȮ2.Ȯ
œħƟėƞŅŏĜĸňŗĵŐĶĚħńħĨŅĴĕĺŅĚĪňŗȮ06ȮĺńĬĴŅĔĪňŗĽŋħȮėŊŀȮ5,61ȮŏĴĔŃıŅĽėĸńȮĽƞĺĬĔŅĶĪħĽŀĭėƞŅėĺŅĴĶƟŀĬ
ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĨńĺŀĵƞŅĚıĭĺƞŅŐĭĭ  Parafin  ĶƟŀĵĸŃȮ2.ȮĽŃĽĴėĺŅĴĶƟŀĬœħƟěŅĔŀŋĦľĳŌĴŇĮĔĨŇȮ
5,/6ȮŀĚĻŅŏĞĸŏĞňĵĽȮıĭĺƞŅĨńĺŀĵƞŅĚŐĭĭ Parafin ĶƟŀĵĸŃȮ4.ȮŏĔŖĭŀŋĦľĳŌĴŇœħƟĨŗņĔĺƞŅŏĬŊŗŀĚěŅĔȮ 
Parafin ŏĵŇŘĴŀŀĔěŅĔŐįƞĬĨńĺŀĵƞŅĚĪņŒľƟĽŃĽĴėĺŅĴĶƟŀĬœħƟĬƟŀĵĸĚȮŐĸŃėŀĬĔĶňĨĭĸŖŀĔįĽĴ Parafin 
ĶƟŀĵĸŃȮ2.ȮŒľƟėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĨŗņĪňŗĽŋħȮŏĪƞŅĔńĭȮ.,163ȮħńĚĬńŘĬěŉĚŏĸŊŀĔĬņįĸĕŀĚ Parafin ĶƟŀĵĸŃȮ2.Ȯ
œĮľĸƞŀŏĮƦĬŐįƞĬėŀĬĔĶňĨĭĸŖŀĔȮĽĴŅĶĩŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĽŃĽĴėĺŅĴĶƟĬŒľƟĴŅĔĕŉŘĬȮěŉĚŒĝƟįŇĺľĬƟŅ
ėŀĬĔĶňĨįĽĴŏĔĸŊŀȮĝńŘĬĸƞŅĚįĽĴįĚœĲŏĭŀĶĔƢĸŅĽȮıĭĺƞŅėŀĬĔĶňĨĭĸŖŀĔ Parafin įĽĴŏĔĸŊŀŐĸŃœĲŏĭŀĶƢ
ĔĸŅĽĽŌĨĶĪňŗȮ2ȮĽńħĽƞĺĬȮ38/.ĽŃĽĴėĺŅĴĶƟŀĬȮœħƟěŅĔŀŋĦľĳŌĴŇĮĔĨŇĴŅĔĪňŗĽŋħėŊŀȮ7,60ȮŀĚĻŅŏĞĸŏĞňĵĽȮ
ŐĸŃĬņėĺŅĴĶƟŀĬĨŗņĪňŗĽŋħŏĪƞŅĔńĭȮ.,0/1ȮħńĚĬńŘĬȮĽĶŋĮĺƞŅĔŅĶĽŃĽĴȮėĺŅĴĶƟŀĬĪňŗĽŌĚĵƞŀĴĽƞĚįĸħňĔĺƞŅěŉĚ
ŏĸŊŀĔŒĝƟĽŌĨĶĪňŗȮ2Ȯ&38/.'ȮőħĵĴňŏĔĸŊŀįĽĴĪňŗįŇĺľĬƟŅĶƟŀĵĸŃȮ3ȮįĚœĲŏĭŀĶƢįĽĴħƟŅĬĸƞŅĚĶƟŀĵĸŃȮ/.ȮŐĸŃĴň 
Parafin ŀĵŌƞĨĶĚĔĸŅĚĶƟŀĵĸŃȮ2.ȮŐĸŃŏĴŊŗŀĽĶƟŅĚŏĮƦĬőĶĚŀĭŐľƟĚıĭĺƞŅőĶĚŀĭŐľƟĚĴňŀĦŋľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬ
ĽŀħėĸƟŀĚĔńĭľĸńĔĔŅĶĔŅĶŀĭŐľƟĚŏĮƦĬŀĵƞŅĚħňŐĸŃěŋħĕŀĚĔŅĶŏĔŇħĔŅĶėĺĭŐĬƞĬŏĮƦĬľĵħĬŘņĕŀĚŀŅĔŅĻ
ĝŊŘĬĬńŘĬėĚĪňŗȮ&īĶĶĴĴŅȮŏěňĵĶīĶŅĺŅĬŇĝ, 03368Ȯ/-/.' 

ĬŀĔěŅĔĬňŘĵńĚĴňĚŅĬĺŇěńĵĪňŗœħƟĪņĔŅĶŏĨŇĴ Parafin ȮĸĚŒĬėŀĬĔĶňĨŏıŊŗŀĽĶƟŅĚĩĬĬĪňŗľŇĴŃœĴƞŏĔŅŃ
ĨńĺœħƟȮőħĵĔŅĶįĽĴĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĽŅĴŅĶĩŏĕƟŅĔńĭėŀĬĔĶňĨőħĵŒĝƟĪƞŀĴĺĸĶĺĴĪňŗĴňĶŌıĶŋĬĬŘņľĬńĔŏĭŅ
ľĶŊŀİƤĚŒĬĨńĺĺńĽħŋȮŏĴŊŗŀĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ŏĮĸňŗĵĬěŅĔĕŀĚŏľĸĺŏĮƦĬĕŀĚŐĕŖĚŒĬĶŃľĺƞŅĚĔŅĶ
ĶŃĭŅĵėĺŅĴĶƟŀĬĔŖĽŅĴŅĶĩĮĸƞŀĵėĺŅĴĶƟŀĬěŅĔėĺŅĴĶƟŀĬĪňŗĽŅĴŅĶĩĸŃĸŅĵĬŘņŐĕŖĚŐĸŃľŇĴŃœħƟ 
őħĵĔŅĶĵńĭĵńŘĚĔŅĶĔƞŀĨńĺĕŀĚĬŘņŐĕŖĚŐĸŃľŇĴŃĭĬıŊŘĬįŇĺĩĬĬ ĪħĽŀĭőħĵœħƟĽĶƟŅĚŐįƞĬėŀĬĔĶňĨľĬŉŗĚĝŋħ
ĞŉŗĚĴňĪƞŀĪňŗĭĶĶěŋ Parafin ŀĵŌƞĳŅĵŒĬĺńĽħŋĴĺĸŏĭŅĪňŗĴňĶŌıĶŋĬĶĺĴĔńĭĔńĭŀňĔŐĭĭĪňŗœĴƞĴň Parafin ȮŐĨƞĸŃŐįƞĬ
ĩŌĔįĬŉĔŒĬĳŅĝĬŃĪňŗľŋƟĴĜĬĺĬŐĸŃĮĔėĸŋĴħƟĺĵľŇĴŃȮĮĶŃĴŅĦȮ3ȮĬŇŘĺĪňŗĪņěŅĔŐĸŖĭħƟĺĵŀŋĦľĳŌĴŇĪňŗĽŌĚĔĺƞŅ
ĔŅĶŐĝƞŐĕŖĚȮŐįƞĬĪňŗĴňľĸŀħĪňŗŏĨŇĴ Parafin ěŃĸŃĸŅĵľŇĴŃŏĶŖĺĔĺƞŅŐįƞĬĪňŗœĴƞĴň Parafin ĞŉŗĚĽĶŋĮœħƟĺƞŅŏĮƦĬ
ŏıĶŅŃ Parafin ŒĬľĸŀħĽŅĴŅĶĩŐĕŖĚĨńĺœħƟŏĶŖĺĕŉŘĬŐĸŃĮĸƞŀĵėĺŅĴĶƟŀĬŀĵƞŅĚėƞŀĵŏĮƦĬėƞŀĵœĮŏĬŊŗŀĚěŅĔ
ĕĬŅħĶŌıĶŋĬĪňŗŐĨĔĨƞŅĚĔńĬ (Kerry Clines, 2017) 

ĬŀĔěŅĔĴňĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĴŅŒĝƟŒĬėŀĬĔĶňĨĭĸŖŀĔȮŒĬĺńĽħŋįĽĴĕŀĚ
ėŀĬĔĶňĨȮĵńĚıĭĺƞŅĴňĔŅĶĻŉĔļŅĬņĴŅŒĝƟŒĬĜĬĺĬĔńĬėĺŅĴĶƟŀĬȮőħĵĴňĔŅĶĻŉĔļŅŏĶŊŗŀĚĔŅĶŏĨŇĴĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃĪňŗěŃĽƞĚįĸĨƞŀėŋĦĽĴĭńĨŇėŀĬĔĶňĨȮĞŉŗĚĮĶŃĽŇĪīŇĳŅıĔŅĶŒĝƟıĸńĚĚŅĬŒĬŀŅėŅĶŐĸŃėĺŅĴĨƟŀĚĔŅĶ



  72 

ĪŅĚŏĸŊŀĔŏĔňŗĵĺĔńĭĔŅĶěńħŏĔŖĭėĺŅĴĶƟŀĬŐĸŃĜĬĺĬĔńĬėĺŅĴĶƟŀĬĽŌĚĕŀĚĺńĽħŋĪňŗĴňĴĺĸėĺŅĴĶƟŀĬĕĬŅħ
ŒľĠƞȮŏĝƞĬȮėŀĬĔĶňĨĽŅĴŅĶĩĮĶńĭŒľƟŏľĴŅŃĽĴŒĬŐĚƞĕŀĚėĺŅĴěŋėĺŅĴĶƟŀĬȮĺńĨĩŋĮĶŃĽĚėƢĚŅĬĺŇěńĵĬňŘėŊŀŒĝƟ
ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)s) őħĵĪņĔŅĶĻŉĔļŅįĸĕŀĚȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) 
ĪňŗľƞŀľŋƟĴĨƞŀıķĨŇĔĶĶĴėĺŅĴĶƟŀĬŐĸŃĔĶŃĭĺĬĔŅĶėĺŅĴŐĕŖĚŐĶĚĕŀĚĔŅĶĔƞŀĨńĺĕŀĚėŀĬĔĶňĨȮĨĸŀħěĬ
ıķĨŇĔĶĶĴĪŅĚėĺŅĴĶƟŀĬĕŀĚĮŌĬĪňŗŐĕŖĚĨńĺȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)-mortar ĪňŗĝŋĭŐĕŖĚěŃĶƟŀĬĕŉŘĬŏĶŊŗŀĵȮ
ŕȮĝŃĸŀĔĶŃĭĺĬĔŅĶŏĞŖĨĨńĺŐĸŃĪņŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėĺŅĴĶƟŀĬĪňŗĽŀħėĸƟŀĚĔńĬĔńĭėĺŅĴĝŊŘĬȮ
ŐĨƞėĺŅĴŐĕŖĚŐĶĚĸħĸĚœĴƞĴŅĔȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)s ŏĮƦĬĬĺńĨĔĶĶĴĺńĽħŋĪňŗĴňŐĬĺőĬƟĴĺƞŅěŃŒĝƟŒĬ
ĚŅĬőėĶĚĽĶƟŅĚėŀĬĔĶňĨŒĬŀĬŅėĨĝƞĺĵĸħėĺŅĴĶƟŀĬŐĸŃĸħĔŅĶŐĨĔĶƟŅĺěŅĔėĺŅĴĶƟŀĬ (Pania  
Newell ŐĸŃȮYunping Xi, 2012: 71-80)  ŐĸŃĴňĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)ȮĴŅŒĝƟŒĬĚŅĬ
ľƞŀľŋƟĴȮMicro őħĵœħƟĪņĔŅĶĪĭĪĺĬĺŇīňĔŅĶĪňŗĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĩŌĔľƞŀľŋƟĴħƟĺĵĺŇīňȮMicro 
Encapsulation ŒĬħƟŅĬėĺŅĴĮĸŀħĳńĵŐĸŃĸńĔļĦŃĪŅĚėĺŅĴĶƟŀĬĪňŗŏĔŇħĕŉŘĬĺńĽħŋĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĲĽȮ
&ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)s) ĴňĻńĔĵĳŅıĽņľĶńĭĔŅĶĽĶƟŅĚĮĶŃĽŇĪīŇĳŅııĸńĚĚŅĬȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĶĺĴȮ
ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) őħĵĨĶĚŏĕƟŅĔńĭŀĚėƢĮĶŃĔŀĭĔŅĶĔƞŀĽĶƟŅĚěŃĪņĸŅĵĮĶŃĽŇĪīŇĳŅıŏĝŇĚ
őėĶĚĽĶƟŅĚȮĔŅĶĶĺĴĔńĬĕŀĚȮMicroencapsulation ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)s ŒĬĺńĽħŋĔƞŀĽĶƟŅĚĝƞĺĵ
ŐĔƟĮƤĠľŅĮƤĠľŅĔŅĶĶńŗĺœľĸĕŀĚȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ěŋħĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵĬňŘėŊŀĔŅĶĶŃĭŋ
ĺŇīňĔŅĶľƞŀľŋƟĴœĴőėĶĪňŗŏľĴŅŃĽĴŐĸŃėĺŅĴĮĸŀħĳńĵįĸĔĶŃĪĭĪŅĚőėĶĚĽĶƟŅĚŐĸŃĮĶŃĽŇĪīŇĳŅıĔŅĶŒĝƟ
ıĸńĚĚŅĬȮĽƞĺĬŒľĠƞŒľƟįĸħňĔńĭŐėĮĞŌĸŐĭĭȮMicroencapsulation ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)s 
Ahmed Hassan ŐĸŃėĦŃȮ,(Ahmed Hassan, Mohammad Shakeel Laghari ŐĸŃėĦŃ, 2016: 
1046-1078) Ő ĸŃAnna Laura Piselloa,b  &?ll_ȮJ_sp_Ȯ`ȮNgqcjjm_*Ȯ?lrmlcjj_ȮBŲȮ
Alessandroc Ő ĸ Ń ė Ħ Ń, 2559) 
ĬńĔĺŇěńĵĝŅĺŀŇĨŅĸňœħƟĪņĚŅĬĺŇěńĵĪňŗĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀıńĥĬŅŐĸŃĪħĽŀĭĮĶŃĽŇĪīŇĳŅıőėĶĚĽĶƟŅĚĪňŗŏĨŇĴȮ
ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ŒĬėŀĬĔĶňĨĽņľĶńĭĚŅĬŀŅėŅĶȮőħĵĔŅĶŏıŇŗĴĬŘņľĬńĔĕŀĚŏĲĽľƞŀľŋƟĴȮ3#ȮėŊŀ 
Parafin ȮőħĵĺŇīňœĴőėĶŐėĮĞŌĸĶĺĴŀĵŌƞħƟĺĵȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ĕĬŅħȮ63-7.#ȮŒĬŐėĮĞŌĸ
ĕĬŅħŏĸŖĔĪňŗĴňŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚĮĶŃĴŅĦȮ/5-0.ȮœĴėĶŀĬȮŐĸŃȮmacrocapsuled ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ
&PCM) ĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĪńŘĚȮ1-3ĴĴ,ȮŐĸŃėĺŅĴŏĕƟĴĕƟĬȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ĪńŘĚľĴħȮ6.#ȮŒĝƟ
ĔŅĶĺŇŏėĶŅŃľƢıĸńĚĚŅĬőħĵŒĝƟŏėĶŊŗŀĚĽŏĮėőĨĶőĲőĨĴŇŏĨŀĶƢıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĽħĚŒľƟŏľŖĬĺƞŅ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĪƟŀĬĽƞĺĬŒľĠƞŏĔŇħěŅĔĔŅĶŏıŇŗĴėĺŅĴľĵŅĭȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĮĸƞŀĵėĺŅĴĶƟŀĬ
œĴƞœħƟĶńĭįĸĔĶŃĪĭěŅĔĔŅĶŏıŇŗĴȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ėƞŅĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚėŀĬĔĶňĨĪňŗŏĨŇĴȮ
ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) macrocapsulated ŐĽħĚŒľƟŏľŖĬĺƞŅėƞŀĬĕƟŅĚĽŌĚĔĺƞŅĴŅĨĶģŅĬŐĸŃĽŌĚĔĺƞŅ
ėŀĬĔĶňĨĪňŗŏĨŇĴœĴőėĶŐėĮĞŌĸĴŅĔŐĽħĚŒľƟŏľŖĬĺƞŅŐėĮĞŌĸĕĬŅħŒľĠƞĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĮƦĬĜĬĺĬ
ėĺŅĴĶƟŀĬœħƟėƞŀĬĕƟŅĚĨŗņȮįĸĸńıīƢĪňŗĬƞŅĽĬŒěŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶĶĺĴŐėĮĞŌĸȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) 
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ĪņŒľƟėĺŅĴľĬŅŐĬƞĬĕŀĚĺńĽħŋĸħĸĚŏĸŖĔĬƟŀĵĬńŗĬėŊŀĮĶŃĴŅĦȮ/.-//#ȮĪņŒľƟĽŅĴŅĶĩěńħŏĮƦĬėŀĬĔĶňĨ
ĬŘņľĬńĔŏĭŅŒĬĕĦŃŏħňĵĺĔńĬĪņľĬƟŅĪňŗŏĮƦĬĺńĽħŋĪňŗŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĽņľĶńĭĔŅĶ
ĽĶƟŅĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟıĸńĚĚŅĬŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮĬŀĔěŅĔĬňŘĵńĚĴňĻŉĔļŅĔŅĶŏĔŖĭĽŃĽĴıĸńĚĚŅĬėĺŅĴ
ĶƟŀĬŐĸŃėŅĵıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔĺńĽħŋŏĔŖĭĽŃĽĴıĸńĚĚŅĬėĺŅĴĶƟŀĬŐĭĭŏĮĸňŗĵĬŏĲĽȮėŊŀȮ Parafin Ȯ
őħĵěŃŒĝƟĸĴŏĮƦĬĕŀĚœľĸŏıŊŗŀĩƞŅĵŏĪėĺŅĴĶƟŀĬħƟĺĵĔŅĶıŅėĺŅĴĶƟŀĬŐĭĭĭńĚėńĭŐĸŃėĺĭėŋĴŒľƟŀŅĔŅĻ
œľĸŐĭĭĶŅĭŏĶňĵĭȮĔŅĶĪħĸŀĚĴňȮ2 ĕńŘĬĨŀĬėŊŀȮĔŅĶĮĶŃěŋıĸńĚĚŅĬėĺŅĴĶƟŀĬŐĔƞ Parafin ȮŐĸŃĔŅĶėŅĵ
ıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔ Parafin ȮŏıŊŗŀĶńĭėĺŅĴĶƟŀĬěŅĔĪƞŀŀĸŌĴŇŏĬňĵĴĪňŗĭĶĶěŋ Parafin ȮįĸĔŅĶĪħĸŀĚ
ıĭĺƞŅĔŅĶĮĶŃěŋėĺŅĴĶƟŀĬŐĔƞ Parafin ȮĪňŗŀŋĦľĳŌĴŇĕŀĚĸĴħƟŅĬĪŅĚŏĕƟŅĴňėƞŅȮ55 ŀĚĻŅŏĞĸŏĞňĵĽŐĸŃ
ėĺŅĴŏĶŖĺĸĴȮ0.42 ŏĴĨĶĨƞŀĺŇĬŅĪňȮěŃĪņŒľƟŀńĨĶŅĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇĕŀĚ Parafin ĴňėƞŅĽŌĚŐĸŃŏĶŖĺĔĺƞŅĔĶĦň
ŀŊŗĬȮĽƞĺĬĔŅĶėŅĵıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔ Parafin ȮıĭĺƞŅȮėĺĶŒĝƟėĺŅĴŏĶŖĺĸĴȮ0.42 ŏĴĨĶĨƞŀĺŇĬŅĪňȮ
ŏĬŊŗŀĚěŅĔěŃœħƟĮĶŇĴŅĦıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚĔĺƞŅĪňŗėĺŅĴŏĶŖĺĸĴȮ0.28 ŏĴĨĶĨƞŀĺŇĬŅĪňȮĮĶŃĴŅĦȮ42 
ĔŇőĸěŌĸ (ıŇĴĸıĶĶĦȮıĚļƢőĽĳĦ, 2541) 

ĬŀĔěŅĔĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)ȮěŅĔȮ Parafin ȮŐĸƟĺĵńĚıĭĺƞŅĴňĔŅĶĬņȮĕňŘįŉŘĚĮŅĸƢĴȮĴŅ
ĪņĔŅĶĻŉĔļŅĪħĸŀĚŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŏıŊŗŀĔŅĶĮĶŃľĵńħıĸńĚĚŅĬőħĵŒĝƟĕňŘįŉŘĚĮŅĸƢĴįĽĴĸĚŒĬ
őėĶĚĽĶƟŅĚįĚœħŀŃĨŀĴœĴĪƢőħĵŒĝĺŇīňŀńħħƟĺĵĽŌĠĠŅĔŅĻȮĪħĽŀĭőħĵŏĪėĬŇėȮFT-IR Spectroscopy 
ŏĮƦĬŏĪėĬŇėĔŅĶĔĶŃĨŋƟĬĽŅĶħƟĺĵıĸńĚĚŅĬŐĽĚĝƞĺĚŐĽĚŀŇĬĲĶŅŏĶħȮ&Infrared lightȮıĭĺƞŅėŋĦĽĴĭńĨŇĔŅĶ
ěńħŏĔŖĭėĺŅĴĶƟŀĬŀŋĦľĳŌĴŇľĸŀĴŏľĸĺŀĵŌƞĪňŗȮ55.9 ° C ŐĸŃĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĺŅĴĶƟŀĬŐİĚĪňŗȮ78.0 J / 
g ĽŅĴŅĶĩěńħŏĔŖĭėĺŅĴĶƟŀĬŐİĚœħƟħňŒĝƟıńĥĬŅĽņľĶńĭĺńĽħŋĔƞŀĽĶƟŅĚĞňŏĴĬĨƢŏıŊŗŀĽĶƟŅĚėĺŅĴľĬŅŐĬƞĬŒĬ
ŏĬŊŘŀĺńĽħŋ  ŀňĔĚŅĬĺŇěńĵŏĮƦĬĔŅĶĬņœħŀŃĨŀĴœĴĪƢĶňœĞŏėŇĸĞŉŗĚŏĮƦĬĕŀĚŏĽňĵěŅĔŀŋĨĽŅľĔĶĶĴĬŘņĴńĬĮŅĸƢĴĴŅ
ĪħĽŀĭŏĮƦĬĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ĪňŗĵńŗĚĵŊĬĽņľĶńĭĔŅĶŒĝƟĚŅĬĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶěńħŏĔŖĭıĸńĚĚŅĬ
ėĺŅĴĶƟŀĬŒĬŀŅėŅĶȮĴňĶŅėŅŐıĚȮěŉĚœħƟĴňĔŅĶĬņœħŀŃĨŀĴœĴĪƢĶňœĞŏėŇĸĞŉŗĚŏĮƦĬĕŀĚŏĽňĵěŅĔŀŋĨĽŅľĔĶĶĴ
ĬŘņĴńĬĮŅĸƢĴŏıŊŗŀŏĮĶňĵĭŏĪňĵĭŀŇĪīŇıĸĪňŗĴňĨƞŀıķĨŇĔĶĶĴėĺŅĴĶƟŀĬŐĸŃıķĨŇĔĶĶĴĪŅĚŏėĴňȮőħĵĩŌĔįĽĴŏĕƟŅ
œĮŒĬĺńĽħŋȮ1ȮĝĬŇħĔĶŃĭĺĬĔŅĶěņŐĬĔĸńĔļĦŃőħĵŒĝƟĔŅĶĽŐĔĬŏĝŇĚėĺŅĴĶƟŀĬȮ&DSC'ŏıŊŗŀŏĸŊŀĔĽƞĺĬįĽĴ
ŀŇĬĪĶňĵƢĪňŗĴňėƞŅĽŌĚĽŋħĕŀĚėĺŅĴĶƟŀĬŐİĚŐĨƞĸŃĝƞĺĚŀŋĦľĳŌĴŇŏĮĸňŗĵĬŏĲĽĪňŗŒĔĸƟŏėňĵĚĪňŗĽŋħŒĬĺńĽħŋĪħĽŀĭŐĨƞ
ĸŃĝĬŇħȮŐĸŃĔŅĶĺŇŏėĶŅŃľƢȮ&FT-IR) ĞŉŗĚıĭĺƞŅĮĶŃĽŇĪīŇĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃĪŅĚŏėĴňĕŀĚȮĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃȮ&PCM)s ħňĕŉŘĬŐĸŃĵŅĺĬŅĬĕŉŘĬȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶěńħŏĔŖĭıĸńĚĚŅĬŐĭĭŏħňĵĺĔńĭȮĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃȮ&PCM) ĪňŗœħƟĶńĭĔŅĶįĽĴŒĬœħŀŃĨŀĴœĴĪƢħŇĭȮįĸĸńıīƢŐĽħĚŒľƟŏľŖĬĩŉĚĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŒĝƟœħ
ŀŃĨŀĴœĴĪƢĪňŗįƞŅĬĔŅĶĶňœĞŏėŇĸŏĮƦĬĺńĽħŋĽĬńĭĽĬŋĬŏıŊŗŀŒľƟœħƟȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ĪňŗĴňĻńĔĵĳŅıŐĸŃ
ĵńŗĚĵŊĬĽņľĶńĭĔŅĶĮĶŃľĵńħıĸńĚĚŅĬȮ (Karen Acurio, Andrés Chico-Proano ŐĸŃėĦŃ, 2018: 
633-642)Ȯ 
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ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)ȮŀňĔŀĵƞŅĚĪňŗĬƞŅĽĬŒěȮėŊŀȮĽŅĶȮEutecticȮŏĮƦĬ
ĔŅĶĻŉĔļŅľŅĽńħĽƞĺĬįĽĴĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM)ȮĨńŘĚŐĨƞȮ/ȮĝĬŇħĕŉŘĬœĮȮőħĵĚŅĬĺŇěńĵĬňŘŏĮƦĬ
ĔŅĶĻŉĔļŅĶŃĭĭĪňŗĮĶŃĔŀĭħƟĺĵĽŅĶĽŀĚĝĬŇħľĶŊŀȮĴŅĔĔĺŅĪňŗĴňŏŀĔĸńĔļĦŏĜıŅŃĨńĺėŊŀĴňěŋħľĸŀĴŏľĸĺ
ĨŗņĔĺŅěŋħľĸŀĴŏľĸĺĕŀĚĽŅĶĭĶŇĽŋĪīŇśĪňŗŏĮƦĬŀĚėĮĶŃĔŀĭȮĮĢŇĔŇĶŇĵŅħńĚĔĸƞŅĺȮŏĔŇħěŅĔĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ėŋĦĽĴĭńĨŇĪŅĚŀŋĦľıĸĻŅĽĨĶȮőħĵŏĴŊŗŀĽŅĶįĽĴĔńĬħƟĺĵŐĶĚĨƞŅĚȮŕȮĽĚįĸŒľȮentropy ĶĺĴĕŀĚĶŃĭĭĵŌ
ŏĪĔĨŇĔĴňėŅĽŌĚĕŉŘĬȮĪņŒľěŋħľĸŀĴŏľĸĺĕŀĚĶŃĭĭĸħĸĚ ěŅĔįĸĔŅĶĪħĸŀĚĔŅĶľŅĺńĽħŋĪňŗŏľĴŅŃĽĴŐĸŃ
ľŅĚƞŅĵŒĬĔŅĶĪņľĬƟŅĪňŗŏĮƦĬȮĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM) ŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮıĭĺƞŅŒĬĔŅĶĪħĸŀĚĕŀĚįĽĴȮ
ĶŃľĺƞŅĚ Parafin ĔńĭĬŘņĴńĬĔƠŅħŒĬŀńĨĶŅĽƞĺĬȮ08/ȮőħĵĬŘņľĬńĔȮĪňŗŀńĨĶŅĽƞĺĬĬňŘĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬ
ĔŅĶĔńĔŏĔŖĭėĺŅĴĶƟŀĬŒĬĺńĬĪňŗĴňŐĽĚŐħħĴŅĔĬƟŀĵŐĨĔĨƞŅĚĔńĬȮĔŅĶŏĨŇĴİŀĵĸĺħĸĚœĮįĽĴŒĬȮĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃȮ&PCM) ŒľƟȮœħƟȮ06)/ȮĔĶńĴĨƞŀĸŇĨĶȮĽŅĴŅĶĩŏıŇŗĴĔŅĶĔĶŃěŅĵėĺŅĴĶƟŀĬŒĬĺńĽħŋȮ(ĔńĬĵĶńĨĬƢȮőľĸŃ
ĽŋĨ, ĮĶŃĽĚėƢȮĺĚĻƢĺŇĝŅȮŐĸŃėĦŃ, 2551: 258-261)  ěŅĔĔŅĶĪĭĪĺĬĚŅĬĺŇěńĵȮıĭĺƞŅȮĺŇīňĔŅĶĪňŗěŃĸħ
ěŋħľĸŀĴŏľĸĺŒľƟĔńĭĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĴňľĸŅĵĺŇīňŏĝƞĬĔŅĶįĽĴĽŅĶĪňŗĴňěŋħľĸŀĴŏľĸĺĨŗņĔĺƞŅȮĔŅĶįĽĴ
ĽŅĶĪňŗőĴŏĸĔŋĸĬƟŀĵĔĺƞŅľĶŊŀĔŅĶŒĽƞȮMetallic fitters ľĶŊŀȮfinned tube)ĸĚŒĬŏĬŊŘŀĺńĽħŋȮŏĶňĵĔĽŅĶĪňŗŏĔŇħ
ěŅĔĔŅĶįĽĴĬňŘĺƞŅȮEutecticȮĽŅĴŅĶĩĬņœĮĮĶńĭŒĝƟŒĬĔŅĶŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŏıŊŗŀŏĮƚĬĺńĽħŋĮĶŃĔŀĭ
ŀŅėŅĶŏĬŊŗŀĚěŅĔŏĮƦĬĺńĽħŋĪňŗĽŃĽĴıĸńĚĚŅĬľĶŊŀĺńĽħŋĽŃĽĴŀŋĦľŌĳŌĴŇȮ&Thermal Energy Storage 
Material : TES) ėŊŀȮĺńĽħŋĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĔŖĭıĸńĚĚŅĬėĺŅĴĶƟŀĬȮ&Harald Mehling ŐĸŃȮ
Luisa F. Cabeza, 0..6'  ĞŉŗĚěŃĪņŒľƟŀŋĦľĳŌĴŇŒĬĺńĽħŋĽŌĚĕŉŘĬĴňėĺŅľĬŅŐĬƞĬŒĬŏĬŊŘŀĺńĽħŋŏıŇŗĴĕŉŘĬĽŅĴŅĶĩ
ĨƟŅĬĪŅĬėĺŅĴĝŊŘĬĪňŗěŃŏĕƟŅĴŅŒĬĺńĽħŋĽƞĚįĸĨƞŀėƞŅĽńĴĮĶŃĽŇĪīŇśŒĬĔŅĶĬņėĺŅĴĶƟŀĬĕŀĚĺńĽħŋĸħĸĚ 
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ĭĪĪňŗȮ3 
ĺŇīňĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵ 

 
ĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶĻŉĔļŅĺŇīňĔŅĶıńĥĬŅėŋĦĽĴĭńĨŇĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔěŅĔĺńĽħŋ

īĶĶĴĝŅĨŇőħĵŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔīĶĶĴĝŅĨŇȮŏıŊŗŀŏĮƦĬĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶĪňŗŏľĴŅŃĽĴĔńĭĽĳŅı
ĳŌĴŇŀŅĔŅĻŐĭĭĶƟŀĬĝŊŘĬĕŀĚĮĶŃŏĪĻœĪĵŐĸŃŏĮƦĬĺńĽħŋĪŅĚŏĸŊŀĔĮĶŃŏĳĪȮȮGreen Smart Materials 
ĪňŗŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴȮ 

ĕńŘĬĨŀĬŐĶĔŏĮƦĬĝƞĺĚĻŉĔļŅĕƟŀĴŌĸȮĪĭĪĺĬĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚěŃŏĮƦĬĔŅĶĻŉĔļŅĺŇīňĔŅĶĪňŗ
ėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭŀŅėŅĶĪňŗĽƞĚįĸĪņŒľƟŏĔŇħėĺŅĴĝŊŘĬĽŃĽĴŒĬĺńĽħŋĮĶŃĔŀĭŀŅėŅĶŐĸŃįĸĔĶŃĪĭ
ĪňŗŏĔŇħĕŉŘĬȮĻŉĔļŅĔĶŃĭĺĬĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĶŌĮŐĭĭĨƞŅĚŕȮŏĮƦĬĔŅĶĻŉĔļŅĺŇīňĔŅĶĸħ
ėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔěŅĔĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴȮĺŇŏėĶŅŃľƢĕƟŀħňĕƟŀħƟŀĵŏıŊŗŀĬņĴŅĮĶńĭĮĶŋĚ
ĮĶŃĵŋĔĨƢŒĝƟŒľƟŏľĴŅŃĽĴŐĸŃĚƞŅĵĨƞŀĔĶŃĭĺĬĔŅĶįĸŇĨȮĴňĨƟĬĪŋĬĪňŗĨŗņŐĸŃĽŅĴŅĶĩĸħėĺŅĴĝŊŘĬĪňŗěŃŏĕƟŅœĮ
ĽŃĽĴŒĬŏĬŊŘŀĺńĽħŋœħƟȮĻŉĔļŅėŋĦĽĴĭńĨŇĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏľĴŅŃĽĴŒĬĔŅĶĬņĴŅŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨ
ĭĸŖŀĔȮŏĮƦĬĔŅĶĻŉĔļŅĺńĽħŋŏĽƟĬŒĵŏĞĸĸŌőĸĽěŅĔıŊĝĪňŗĴňėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıĪňŗŏľĴŅŃĽĴȮőħĵĽŅĴŅĶĩ
ĽĶƟŅĚŏĔĦĤƢŒĬĔŅĶėńħŏĸŊŀĔĺńĽħŋīĶĶĴĝŅĨŇŒľƟėŋƟĴėƞŅĨƞŀĔŅĶĸĚĪŋĬŐĸŃĔŅĶėŋƟĴĪŋĬŒĬĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴ
ĺńĽħŋīĶĶĴĝŅĨŇĔƞŀĬĬņœĮįĽĴĔńĭėŀĬĔĶňĨĭĸŖŀĔȮŀňĔĪńŘĚĵńĚĴňĔŅĶĻŉĔļŅĝĬŇħĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ
&PCM'ȮŐĸŃĺŇīňĔŅĶĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĬņĴŅŒĝƟŒĬħƟŅĬĽŃĽĴıĸńĚĚŅĬŏıŊŗŀĔŅĶĮƚŀĚĔńĬėĺŅĴĝŊŘĬŒĬĺńĽħŋ
ŏĮƦĬĔŅĶĻŉĔļŅŏıŊŗŀľŅĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĪňŗĴňĝƞĺĚŀŋĦľĳŌĴŇŏľĴŅŃĽĴĨƞŀĔŅĶŏĮĸňŗĵĬĽĩŅĬŃŒĬ
ĳŌĴŇŀŅĔŅĻŐĭĭĶƟŀĬĝŊŘĬĕŀĚĮĶŃŏĪĻœĪĵȮőħĵĴňĺŇīňĔŅĶĪħĽŀĭĝƞĺĚěŋħľĸŀĴŏľĸĺĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ
ěŅĔīĶĶĴĝŅĨŇĪňŗėńħŏĸŊŀĔőħĵĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮDSC &Differential Scanning Calorimeter, 
Mettler Toledo DSC 1 Module'Ȯ 

ĕńŘĬĨŀĬĩńħœĮěŃŏĮƦĬĔŅĶĻŉĔļŅĺŇīňĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĺńĽħŋ
īĶĶĴĝŅĨŇĪňŗěŃĽƞĚįĸŒľƟȮMoisture Content ŒĬŏĬŊŘŀĺńĽħŋĪňŗěŃĬņĴŅŏĮƦĬĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶĸħĸĚȮŏĮƦĬ
ĔŅĶĻŉĔļŅĺŇīňĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĴŅŒĝƟĔńĭĺńĽħŋīĶĶĴĝŅĨŇŏıŊŗŀıńĥĬŅėŋĦĽĴĭńĨŇŒĬĔŅĶ
ĮƚŀĚĔńĬŐĸŃĸħėĺŅĴĝŊŘĬŏĕƟŅĴŅŒĬŏĬŊŘŀĺńĽħŋȮĕŀĚĺńĽħŋīĶĶĴĝŅĨŇĪňŗœħƟėńħŏĸŊŀĔĴŅŐĸƟĺȮ0ȮĝĬŇħȮĬņœĮĪħĽŀĭ
ŏıŊŗŀľŅĽŌĨĶĽƞĺĬįĽĴĪňŗħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħĔƞŀĬĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮ 

ĕńŘĬĨŀĬĪňŗĽŀĚŏĮƦĬĝƞĺĚŏĨĶňĵĴĺńĨĩŋħŇĭőħĵĬņĺńĽħŋīĶĶĴĝŅĨŇȮ0ȮĝĬŇħȮėŊŀŐĔĸĭȮŐĸŃŏĮĸŊŀĔĔŃĸŅ
ĔŅŐĲȮĴŅįƞŅĬĔĶŃĭĺĬĔŅĶŏėĸŊŀĭįŇĺĺńĽħŋīĶĶĴĝŅĨŇőħĵĺŇīňȮCoating MixingȮőħĵŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ
ĪņĔŅĶŏėĸŊŀĭȮ&Coating'ȮĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚȮ4ȮĽŌĨĶħƟĺĵĺńĽħŋĬŘņĵŅĚıŅĶŅŀňĔĝńŘĬȮĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗ
ĮĶńĭĽĳŅıĴŅĪħĽŀĭĔŅĶħŌħĞŉĴĬŘņŏıŊŗŀľŅĺƞŅĽŌĨĶŒħħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮĝƟŅĪňŗĽŋħŐĸŃėŅĵĬŘņŏĶŖĺȮĞŉŗĚěŃœħƟ
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ĝĬŇħĺńĽħŋīĶĶĴĝŅĨŇŐĸŃĽŌĨĶĽƞĺĬįĽĴĨƟĬŐĭĭŒĬĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇĔƞŀĬĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬ
ėŀĬĔĶňĨĭĸŖŀĔȮ 

ĕńŘĬĨŀĬĪňŗĽŅĴŏĮƦĬĝƞĺĚĪħĸŀĚľŅĽƞĺĬįĽĴȮěŃŏĮƦĬĔŅĶėńħŏĸŊŀĔľŅĽŌĨĶĽƞĺĬįĽĴŒĬĔŅĶĕŉŘĬĶŌĮ
ėŀĬĔĶňĨĭĸŖŀĔĪňŗĴňĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĮĶńĭĽĳŅıŐĸƟĺœĮĪħŐĪĬĽƞĺĬįĽĴĞŉŗĚĴňȮĮŌĬĞňŏĴĬĨƢȮĪĶŅĵȮ
ľŇĬȮŏĮƦĬĽƞĺĬĮĶŃĔŀĭľĸńĔȮőħĵŒĝƟŀńĨĶŅĽƞĺĬĴŅĨĶģŅĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔȮėŊŀȮĮŌĬĞňŏĴĬĨƢȮ8ȮĪĶŅĵȮ8ȮľŇĬȮȮ
;Ȯ1 : 3 : 5  ŐĸŃĬŘņȮ2.% ĕŀĚĬŘņľĬńĔĮŌĬĞňŏĴĬĨƢ  ĔņľĬħĽńħĽƞĺĬĕŀĚĺńĽħŋīĶĶĴĝŅĨŇŀŀĔŏĮƦĬȮ3ȮĽŌĨĶ
ĪħĸŀĚȮėŊŀȮ10%, 20%. 30%, 40%, 50%  ŐĸŃŐĭƞĚĽƞĺĬįĽĴŒĬĔŅĶĪħĸŀĚŐĭƞĚŏĮƦĬȮ4 ĔĸŋƞĴȮ 

ĕńŘĬĨŀĬĩńħœĮĬņĽŌĨĶĪňŗĪňŗĴňĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħĬņœĮĕŉŘĬĶŌĮėŀĬĔĶňĨĭĸŖŀĔĪħĽŀĭĕĬŅħȮ
/.x1.x1.ȮĞ,Ĵ,ȮĽŌĨĶĸŃȮ3ȮĔƟŀĬĶĺĴĪńŘĚľĴħŏĮƦĬȮ3.ȮĔƟŀĬĬņœĮĪħĽŀĭľŅėƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚŀńħŒľƟ
œħƟėĺŅĴŐĕŖĚŐĶĚĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531)ȮŏıŊŗŀŒľƟœħƟ
ĽŌĨĶĪňŗĴňėĺŅĴŐĕŖĚŐĶĚŒĬĔŅĶĬņœĮĕŉŘĬĶŌĮĪĶĚėŀĬĔĶňĨĭĸŖŀĔěĶŇĚĕĬŅħȮ5.Ȯx 170 x 170 ĴĴ,Ȯ 

ĕńŘĬĨŀĬĪňŗĽňŗŏĮƦĬĝƞĺĚįĸŇĨėŀĬĔĶňĨĭĸŖŀĔĶŌĮĪĶĚěĶŇĚĕĬŅħȮ5.Ȯx 170 x 170 ĴĴ,ȮŏĮƦĬĔŅĶįĸŇĨ
ėŀĬĔĶňĨĭĸŖŀĔőħĵŒĝƟŏėĶŊŗŀĚěńĔĶįĸŇĨĭĸŖŀĔĔĸĺĚȮ 

ĕńŘĬĨŀĬĪňŗľƟŅŏĮƦĬĝƞĺĚĪħĽŀĭĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-
2531)ȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮőħĵĬņėŀĬĔĶňĨĭĸŖŀĔĪňŗįĸŇĨœĮĪņĔŅĶĪħĽŀĭľŅėƞŅ
ĨƟŅĬĪŅĬŐĶĚŀńħŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬőħĵĔŅĶħŌħĔĸŊĬĬŘņŐĸŃľħĨńĺĪŅĚĵŅĺĨŅĴĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴ
ėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531)ȮŒľƟœħƟėŋĦĽĴĭńĨŇĪňŗĨƟŀĚĔŅĶŐĸŃĪħĽŀĭėŋĦĽĴĭńĨŇŒĬĔŅĶ
ĬņėĺŅĴĶƟŀĬľŅėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ&k value) ĨŅĴĴŅĨĶģŅĬȮASTM C 518ȮŏıŊŗŀ
ŏĮĶňĵĭŏĪňĵĭėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĴŅĨĶģŅĬĕŀĚĔĶŃĪĶĺĚıĸńĚĚŅĬŐĸŃȮCISB Guide 
A:20/3Ȯ 

ĕńŘĬĨŀĬĪňŗľĔŏĮƦĬĝƞĺĚĪħĽŀĭėƞŅħŌħĞŉĴėĺŅĴĝŊŘĬȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŐĸŃ
ĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬŒĬĽĳŅĺŃĨƞŅĚŕȮľĸńĚěŅĔœħƟėŀĬĔĶňĨĭĸŖŀĔĔĸĺĚĕĬŅħȮ5. 
x /7. x 17.ȮĴĴ,ȮĪňŗįƞŅĬĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴėŀĬĔĶňĨĭĸŖŀĔœĴƞĶńĭĬŘņľĬńĔȮ&ĴŀĔ,58-2531)ȮĬņœĮ
ĪħĽŀĭėƞŅħŌħĞŉĴėĺŅĴĝŊŘĬŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĺńĽħŋėŀĬĔĶňĨĭĸŖŀĔĝĬŇħŀŊŗĬŕĪňŗěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħ 
2ȮĵňŗľƟŀȮĺńħėƞŅėĺŅĴĝŊŘĬĔƞŀĬŐĝƞŐĸŃľĸńĚŐĝƞĬŘņȮĪņĔŅĶĺńħėƞŅėĺŅĴĝŊŘĬőħĵŒĝƟȮMoisture Meter ĮĶŃŏĳĪȮ
Radio Frequency Test ĪňŗįŇĺŐĨƞĸŃĝƞĺĚŏĺĸŅĨĸŀħȮ02ȮĝńŗĺőĴĚŏıŊŗŀŏĮĶňĵĭŏĪňĵĭėƞŅėĺŅĴĝŊŘĬĪňŗįŇĺħƟŅĬ
ĭĬĽŋħŐĸŃėŋĦĽĴĭńĨŇĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬŒĬŐĨƞĸŃĝńŘĬĕŀĚėŀĬĔĶňĨĭĸŖŀĔŐĨƞĸŃĝĬŇħȮĕńŘĬĨŀĬĩńħœĮěŃĪņ
ĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŐĸŃĪħĽŀĭĮĶŇĴŅĦėĺŅĴĝŊŘĬŒĬĽĳŅĺŃĨƞŅĚŕȮőħĵĪņ
ĔĸƞŀĚįĬńĚĪħĸŀĚĨƟĬŐĭĭěņĸŀĚœĺƟŏĮƦĬȮ0ȮĔĶĦňĻŉĔļŅėŊŀŒĬĽĳŅĺŃĮĔĨŇŐĸŃĽĳŅĺŃĪňŗĴňėĺŅĴĝŊŘĬŏĔŇħĕŉŘĬȮ
ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸħėĺŅĴĶƟŀĬŐĸŃėŋĦĽĴĭńĨŇŒĬĔŅĶħŌħĞŉĴėĺŅĴĝŊŘĬĕŀĚėŀĬĔĶňĨ
ĭĸŖŀĔĪňŗœħƟěŅĔĔŅĶĺŇěńĵŐĸŃėŀĬĔĶňĨĭĸŖŀĔĪňŗĺŅĚěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħȮ0ȮĵňŗľƟŀȮȮ 
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ĕńŘĬĨŀĬĩńħœĮĪņĔŅĶŏĔŖĭĕƟŀĴŌĸŐĨƞĸŃĝƞĺĚŏĺĸŅŒĬĽĳŅĺŃĨƞŅĚŕŏĔŖĭĕƟŀĴŌĸőħĵŏėĶŊŗŀĚĨĶĺěĺńħ
ŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬőħĵŒĝƟŏėĶŊŗŀĚĭńĬĪŉĔĕƟŀĴŌĸȮ&Data logger'ȮěŅĔĬńŘĬŒĝƟőĮĶŐĔĶĴěŅĔȮ&Data 
logger'ȮŐĸŃȮMicrosoft Excel ŒĬĔŅĶĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢŒĬĝƞĺĚŏĺĸŅĨƞŅĚŕȮȮŏıŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĔńĭėŀĬĔĶňĨĭĸŖŀĔĝĬŇħŀŊŗĬŕĪňŗěņľĬƞŅĵĨŅĴĪƟŀĚĨĸŅħȮ 

ĕńŘĬĨŀĬĽŋħĪƟŅĵ ĝƞĺĚĽĶŋĮįĸĔŅĶĪħĸŀĚŒĬħƟŅĬĨƞŅĚ ŕȮĪņĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪńŘĚľĴħŏıŊŗŀĽĶŋĮ
įĸĚŅĬĺŇěńĵőħĵŀīŇĭŅĵĽŇŗĚĪňŗŏĔŇħĕŉŘĬĔńĭĚŅĬĺŇěńĵŒĬľńĺĕƟŀħńĚĬňŘȮĺŇīňĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĪňŗĪņ
ěŅĔĺńĽħŋīĶĶĴĝŅĨŇŏıŊŗŀĸħĔŅĶĬņėĺŅĴĶƟŀĬŏĕƟŅĽŌƞĨńĺŀŅėŅĶ,ȮėĺŅĴĽńĴıńĬīƢĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗ
ĽƞĚįĸĨƞŀȮMoisture Content ŒĬėŀĬĔĶňĨĭĸŖŀĔ,ȮėĺŅĴĽńĴıńĬīƢėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıȮĪŅĚĔĸȮĔŅĶ
ĬņėĺŅĴĶƟŀĬȮĔŅĶħŌħĞńĭėĺŅĴĝŊŘĬĕŀĚĺńĽħŋŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴ, 
ėĺŅĴĽńĴıńĬīƢĕŀĚĔŅĶėńħŏĸŊŀĔȮĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇȮŐĸŃĔŅĶĕŉŘĬĶŌĮĪňŗħňĽƞĚįĸĪņŒľƟȮMoisture 
Content ŒĬėŀĬĔĶňĨĭĸŖŀĔĨŗņȮ 
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ĕńŘĬĨŀĬĺŇīňĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵȮ 
ĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵĔŅĶıńĥĬŅėŋĦĽĴĭńĨŇĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔěŅĔĺńĽħŋīĶĶĴĝŅĨŇ

ěŅĔĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĴňĺŇīňĔŅĶħņŏĬŇĬĚŅĬħńĚĬňŘ 

 
ĶŌĮĪňŗȮ45  ŐįĬįńĚĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ  
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ĶŌĮĪňŗȮ46  ŐįĬįńĚĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵȮ&Ĩƞŀ' 
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1. ĝƞĺĚĻŉĔļŅĕƟŀĴŌĸȮĪĭĪĺĬĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ 
ĻŉĔļŅĺŇīňĔŅĶĪňŗėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭŀŅėŅĶĪňŗĽƞĚįĸĪņŒľƟŏĔŇħėĺŅĴĝŊŘĬĽŃĽĴŒĬĺńĽħŋ

ĮĶŃĔŀĭŀŅėŅĶŐĸŃįĸĔĶŃĪĭĪňŗŏĔŇħĕŉŘĬȮŏĮƦĬĔŅĶĻŉĔļŅĺŇīňĔŅĶĪňŗėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭŀŅėŅĶŒĬ
ĶŌĮŐĭĭĨƞŅĚŕĪňŗĪņŒľƟėĺŅĴĝŊŘĬŐıĶƞįƞŅĬŏĕƟŅœĮŒĬŏĬŊŘŀĺńĽħŋŏĔŇħĔŅĶĽŃĽĴėĺŅĴĝŊŘĬŒĬĺńĽħŋĪňŗĽƞĚįĸĨƞŀĔŅĶ
ĬņėĺŅĴĶƟŀĬŏĕƟŅĴŅŒĬŀŅėŅĶȮŏıŊŗŀľŅŐĬĺĪŅĚĮƚŀĚĔńĬįĸĔĶŃĪĭěŅĔėĺŅĴĝŊŘĬĪňŗěŃŏĔŇħĕŉŘĬȮĞŉŗĚĺŇīňĔŅĶĪňŗ
ėĺŅĴĝŊŘĬįƞŅĬĶŃĭĭĔĶŀĭŀŅėŅĶŐĸŃĽƞĚįĸĨƞŀĔŅĶĽŃĽĴėĺŅĴĝŊŘĬŒĬĺńĽħŋĮĶŃĔŀĭŀŅėŅĶĴňŀĵŌƞħƟĺĵĔńĬȮ0Ȯ
ĺŇīňȮėŊŀȮ/)  Capillary  Suction  ŏĝƞĬȮĔŅĶħŌħĞŉĴĬŘņįƞŅĬĶŌıĶŋĬŏĸŖĔŕȮĪňŗŀĵŌƞŒĬĺńĽħŋȮ0)  Vapor  
Diffusion  ĔŅĶŐıĶƞĕŀĚėĺŅĴĝŊŘĬĪňŗįƞŅĬĺńĽħŋĔĶŀĭŀŅėŅĶȮȮőħĵĔŅĶŐıĶƞĕŀĚœŀĬŘņěŃŐıĶƞěŅĔĭĶŇŏĺĦĪňŗ
ėĺŅĴħńĬœŀĽŌĚȮ&High  Vapor  Pressure)  œĮĵńĚĭĶŇŏĺĦĪňŗĴňėĺŅĴħńĬœŀĬŘņĪňŗĨŗņ  (Low  Vapor  
Pressure)  ĬŀĔěŅĔĬňŘĔŅĶŐıĶƞĵńĚĴňĪŇĻĪŅĚěŅĔĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĽŌĚœĮĵńĚĭĶŇŏĺĦĪňŗĴňŀŋĦľĳŌĴŇĨŗņĔĺƞŅ 

1.1 ĻŉĔļŅĔĶŃĭĺĬĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔĶŌĮŐĭĭĨƞŅĚŕ 
ĔŅĶĻŉĔļŅĺŇīňĔŅĶĸħėĺŅĴĝŊŘĬŒĬėŀĬĔĶňĨĭĸŖŀĔěŅĔĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴȮ

ĺŇŏėĶŅŃľƢĕƟŀħňĕƟŀħƟŀĵŏıŊŗŀĬņĴŅĮĶńĭĮĶŋĚĮĶŃĵŋĔĨƢŒĝƟŒľƟŏľĴŅŃĽĴŐĸŃĚƞŅĵĨƞŀĔĶŃĭĺĬĔŅĶįĸŇĨȮĴňĨƟĬĪŋĬ
ĪňŗĨŗņĽŅĴŅĶĩĸħėĺŅĴĝŊŘĬĪňŗěŃŏĕƟŅœĮĽŃĽĴŒĬŏĬŊŘŀĺńĽħŋœħƟȮěŅĔĔŅĶĻŉĔļŅĺƞŅĴňĺŇīňĔŅĶĸħėĺŅĴĝŊŘĬŒĬ
ėŀĬĔĶňĨĭĸŖŀĔľĸŅĵĺŇīňĞŉŗĚŐĵĔŏĮƦĬĺŇīňĔŅĶĨƞŅĚȮŕȮœħƟħńĚĬňŘ 

ĺŇīňĪňŗȮ/ ėŊŀĔŅĶŒĝƟĺńĽħŋŏėĸŊŀĭįŇĺĪňŗĴňŐĶĚĨŉĚįŇĺĽŌĚĮƚŀĚĔńĬėĺŅĴĝŊŘĬŏĕƟŅœĮŒĬŏĬŊŘŀįŇĺėŀĬĔĶňĨ
ĭĸŖŀĔ 

ĺŇīňĪňŗȮ0 ĔŅĶŏıŇŗĴĽŅĶħŌħĞńĭėĺŅĴĝŊŘĬŏĕƟŅœĮŒĬĽƞĺĬįĽĴĕŀĚėŀĬĔĶňĨĭĸŖŀĔŏıŊŗŀħŌħĞńĭėĺŅĴĝŊŘĬ
ĪňŗŏĕƟŅĴŅ 

ĺŇīňĪňŗȮ1 ĔŅĶŏıŇŗĴĕĬŅħėĺŅĴľĬŅŒľƟĔńĭĺńĽħŋőħĵŏıŇŗĴĽƞĺĬįĽĴėŀĬĔĶňĨȮ&Aggregrate'ȮŏĕƟŅœĮ
ŒĬĺńĽħŋėŀĬĔĶňĨĭĸŖŀĔ 

ĺŇīňĪňŗȮ2 ĔŅĶŒĝƟıĸńĚĚŅĬŒĬĶŌĮėĺŅĴĶƟŀĬŐİĚŒĬĽƞĺĬįĽĴĕŀĚėŀĬĔĶňĨĭĸŖŀĔŏıŊŗŀěńħĔŅĶ
ėĺŅĴĝŊŘĬĪňŗŐıĶƞįƞŅĬŏĕƟŅĴŅ 

 
1.2 ĻŉĔļŅėŋĦĽĴĭńĨŇĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏľĴŅŃĽĴ 
ĔŅĶĻŉĔļŅėŋĦĽĴĭńĨŇĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏľĴŅŃĽĴȮŏıŊŗŀĬņĴŅŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨ

ĭĸŖŀĔȮŏĮƦĬĔŅĶĻŉĔļŅĺńĽħŋŏĽƟĬŒĵŏĞĸĸŌőĸĽěŅĔıŊĝĪňŗĴňėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıĪňŗŏľĴŅŃĽĴȮőħĵĽŅĴŅĶĩ
ĽĶƟŅĚŏĔĦĤƢŒĬĔŅĶėńħŏĸŊŀĔĺńĽħŋīĶĶĴĝŅĨŇŒľƟėŋƟĴėƞŅĨƞŀĔŅĶĸĚĪŋĬŐĸŃĔŅĶėŋƟĴĪŋĬŒĬĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴ
ĺńĽħŋīĶĶĴĝŅĨŇĔƞŀĬĬņœĮįĽĴĔńĭėŀĬĔĶňĨĭĸŖŀĔȮĺńĽħŋīĶĶĴĝŅĨŇĪňŗĬņĴŅįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔĴňľĸŅĵ
ĝĬŇħŏĝƞĬȮĲŅĚĕƟŅĺȮĞńĚĕƟŅĺőıħȮŐĔĸĭȮłĸłȮľĶŊŀĺńĽħŋĪňŗĴňŏĽƟĬŒĵŏĞĸĸŌőĸĽȮŏĝƞĬȮŏĽƟĬŒĵįńĔĨĭĝĺŅȮŏĽƟĬŒĵ
ĮŅĸƢĴȮěŅĔĔŅĶĺŇŏėĶŅŃľƢįĸĔŅĶĪħĽŀĭĕŀĚĚŅĬĺŇěńĵıĭĺƞŅĺńĽħŋŏĽƟĬŒĵŏĞĸĸŌőĸĽĪňŗœĮĪħŐĪĬĴĺĸĶĺĴ
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ĨƞŅĚŕěŃŒĝƟŒĬĮĶŇĴŅĦȮ/.%Ȯ-Ȯ2.%ȮĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚıŊĝȮŐĸŃĮĶŇĴŅĦĬŘņĪňŗŒĝƟŒĬĔŅĶįĽĴŀĵŌƞĪňŗȮ2.% 
ĕŀĚĮŌĬĞňŏĴĬĨƢŏĮƦĬĽƞĺĬŒľĠƞȮŐĸŃėŋĦĽĴĭńĨŇĪŅĚĔĸıĭĺƞŅėƞŅĬŘņľĬńĔȮėƞŅėĺŅĴľĬŅŐĬƞĬȮėƞŅėĺŅĴ
ĨƟŅĬĪŅĬŐĶĚŀńħȮėƞŅĽńĴĮĶŃĽŇĪīŇśŒĬĔŅĶĬņėĺŅĴĶƟŀĬŐĸŃėƞŅĔŅĶĬņėĺŅĴĶƟŀĬěŃŐĮĶįĔįńĬĔńĭĮĶŇĴŅĦ
ĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏıŇŗĴŏĕƟŅœĮȮŐĨƞĴňėƞŅľĬŉŗĚĪňŗŐĮĶįńĬĨĶĚĔńĭĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇĪňŗŏıŇŗĴėŊŀėƞŅĮĶŇĴŅĦ
ėĺŅĴĝŊŘĬĪňŗĽƞĚįĸŒľƟėƞŅĔŅĶħŌħĞŉĴĬŘņŐĸŃėƞŅĔŅĶľħĨńĺĪŅĚĵŅĺŏıŇŗĴĕŉŘĬȮĽƞĚįĸĔƞŀŒľƟŏĔŇħĮƤĠľŅĔŅĶħŌħĞŉĴ
ĬŘņĴŅĔĕŀĚŏĽƟĬŒĵŏĞĸĸŌőĸĽĪņŒľƟėŀĬĔĶňĨĭĸŖŀĔĴňėƞŅėĺŅĴĝŊŘĬĽŌĚĕŉŘĬȮħńĚĬńŘĬŒĬĔŅĶĪňŗěŃĬņĺńĽħŋīĶĶĴĝŅĨŇ
ĪňŗĴňŏĽƟĬŒĵŏĞĸĸŌőĸĽĴŅįĽŒĬėŀĬĔĶňĨĭĸŖŀĔĨƟŀĚĴňĔŅĶĻŉĔļŅėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋīĶĶĴĝŅĨŇŐĸŃĺŇīňĔŅĶ
ŏĨĶňĵĴĺńĽħŋĪňŗěŃĽƞĚįĸĪņŒľƟėƞŅȮMoisture Content ŒĬėŀĬĔĶňĨĭĸŖŀĔĨŗņĸĚŐĸŃĕƟŀěņĔńħħƟŅĬ
ĚĭĮĶŃĴŅĦȮŏĺĸŅȮŐĸŃĮĶŇĴŅĦŒĬĔŅĶěńħŏĨĶňĵĴĺńĽħŋĪňŗŏľĴŅŃĽĴĔƞŀĬĬņœĮįĽĴėŀĬĔĶňĨĭĸŖŀĔ 

1.3 ĻŉĔļŅĝĬŇħĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŐĸŃĺŇīňĔŅĶĪňŗŏľĴŅŃĽĴ 
ĻŉĔļŅĝĬŇħĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŐĸŃĺŇīňĔŅĶĪňŗŏľĴŅŃĽĴȮĔńĭĔŅĶĬņĴŅŒĝƟŒĬħƟŅĬ

ĽŃĽĴıĸńĚĚŅĬŏıŊŗŀĔŅĶĮƚŀĚĔńĬėĺŅĴĝŊŘĬŒĬĺńĽħŋŏĮƦĬĔŅĶĻŉĔļŅŏıŊŗŀľŅĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĪňŗĴňĝƞĺĚ
ŀŋĦľĳŌĴŇŏľĴŅŃĽĴĨƞŀĔŅĶŏĮĸňŗĵĬĽĩŅĬŃŒĬĳŌĴŇŀŅĔŅĻŐĭĭĶƟŀĬĝŊŘĬĕŀĚĮĶŃŏĪĻœĪĵȮőħĵĴňĺŇīňĔŅĶ
ĪħĽŀĭĝƞĺĚěŋħľĸŀĴŏľĸĺĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔīĶĶĴĝŅĨŇĪňŗėńħŏĸŊŀĔőħĵĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮDSC 
&Differential Scanning Calorimeter, Mettler Toledo DSC 1 Module'ȮőħĵĴňĕńŘĬĨŀĬĔŅĶ
ħņŏĬŇĬĔŅĶĪħĸŀĚħńĚĬňŘ 

 
ĕńŘĬĨŀĬĪňŗȮ/ȮȮĽĶƟŅĚĽŌĨĶĽƞĺĬįĽĴĽƞĺĬĶŃľĺƞŅĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĮŅĸƢĴĬŘņĴńĬĔńĭĺńĽħŋ

ŏĮĸňŗĵĬĽĩŅĬŃěŅĔĩńŗĺŏľĸŊŀĚŐĸŃĔŅĶŒĽƞȮMetallic Fitters ľĶŊŀȮFinned TubeȮĸĚŒĬĽƞĺĬįĽĴȮŒľƟœħƟ
ĝƞĺĚŀŋĦľĳŌĴŇľĸŀĴŏľĸĺĸħĸĚŀĵŌƞŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ1.-5.Ȯ°CȮ 

 
ĨŅĶŅĚĪňŗȮ/3 ŐĽħĚĽŌĨĶŀńĨĶŅĽƞĺĬįĽĴĽƞĺĬĶŃľĺƞŅĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĮŅĸƢĴĬŘņĴńĬĔńĭ

ĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĩńŗĺŏľĸŊŀĚ 

ĽƞĺĬįĽĴ 
ĮĶŇĴŅĦĶĺĴȮ
/..ȮĔĶńĴ 

ĮĶŇĴŅĦĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃěŅĔ
ĮŅĸƢĴĬŘņĴńĬ 

ĮĶŇĴŅĦĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃ
ěŅĔȮĮŅĸƢĴ
ĬŘņĴńĬȮ&ĔĶńĴ' 

ĮĶŇĴŅĦ
ĺńĽħŋŏĮĸňŗĵĬ
ĽĩŅĬŃěŅĔȮ
ĩńŗĺŏľĸŊŀĚ 

ĮĶŇĴŅĦĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃ
ěŅĔȮĩńŗĺŏľĸŊŀĚȮ
&ĔĶńĴ' 

ĮĶŇĴŅĦįĚ
ĨŃœĭŏľĸŖĔ 

ĶŃĵŃŏĺĸŅŒĬ
ĔŅĶŏĞŖĨĨńĺĪňŗ
ŀŋĦľĳŌĴŇȮ
ľƟŀĚ 

ĽƞĺĬįĽĴĪňŗȮ/ 100 ĔĶńĴ 1ȮĽƞĺĬ 75 /ȮĽƞĺĬ 25 2.8 02ȮĝńŗĺőĴĚ 

ĽƞĺĬįĽĴĪňŗȮ0 100 ĔĶńĴ 0ȮĽƞĺĬ 66.66 /ȮĽƞĺĬ 33.33 2.8 02ȮĝńŗĺőĴĚ 
ĽƞĺĬįĽĴĪňŗȮ1 100 ĔĶńĴ /ȮĽƞĺĬ 50 /ȮĽƞĺĬ 50 2.8 02ȮĝńŗĺőĴĚ 
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őħĵĴňĕńŘĬĨŀĬĔŅĶĽĶƟŅĚĽŌĨĶĽƞĺĬįĽĴĽƞĺĬĶŃľĺƞŅĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮħńĚĬňŘ 
1) ĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴŀŋĮĔĶĦƢĳŅĝĬŃȮŏıŊŗŀĭĶĶěŋĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŐĨƞĸŃĝĬŇħŐĸŃ

įĚĨŃœĭŏľĸŖĔŏıŊŗŀŏĨĶňĵĴĬņœĮĪħĽŀĭĝƞĺĚŀŋĦľĳŌĴŇěŋħľĸŀĴŏľĸĺĪňŗŏľĴŅŃĽĴ 
 

 
ĶŌĮĪňŗȮ47ȮŐĽħĚĳŅĝĬŃĔĶŃĪŃŏıŊŗŀľĸŀĴŏľĸĺĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM' 
 

 
ĶŌĮĪňŗȮ48ȮŐĽħĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮěŅĔĮŅĸƢĴ 
 

 
ĶŌĮĪňŗȮ49  ŐĽħĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮěŅĔĩńŗĺŏľĸŊŀĚ  
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ĶŌĮĪňŗȮ50ȮŐĽħĚįĚĨŃœĭŏľĸŖĔȮ&Iron Powder' 
 
2) ĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĽƞĺĬįĽĴĨŅĴĨŅĶŅĚĽŌĨĶŐĸŃĝńŗĚĬŘņľĬńĔįĚĨŃœĭŏľĸŖĔĬņœĮŏĮƦĬ

ĽƞĺĬįĽĴĔńĭĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĨŅĴȮŀńĨĶŅĽƞĺĬŏıŊŗŀŏĨĶňĵĴĬņœĮľĸŀĴŏľĸĺ 
 

 
ĶŌĮĪňŗȮ51ȮȮŐĽħĚĔŅĶĝńŗĚĬŘņľĬńĔĳŅĝĬŃĔĶŃĪŃĭĬŏėĶŊŗŀĚĝńŗĚħŇěŇĪńĸ 
 

 
ĶŌĮĪňŗȮ52ȮȮŐĽħĚĔŅĶĝńŗĚĬŘņľĬńĔĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM' 
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ĶŌĮĪňŗȮ53 ŐĽħĚĽƞĺĬįĽĴĶŃľĺƞŅĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ŐĸŃįĚĨŃœĭŏľĸŖĔȮ&Iron Powder' 
 
3) ĕńŘĬĨŀĬĔŅĶľĸŀĴŏľĸĺĽƞĺĬįĽĴĨƞŅĚŕŒľƟŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮőħĵĴňĔŅĶėĬĽŅĶŀĵƞŅĚĽĴŗņŏĽĴŀ

ěĬĔĺƞŅľĸŀĴĸŃĸŅĵŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬ 
 

 
ĶŌĮĪňŗȮ54  ŐĽħĚĔŅĶľĸŀĴŏľĸĺĽƞĺĬįĽĴĶŃľĺƞŅĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŐĸŃįĚĨŃœĭ

ŏľĸŖĔȮ&Iron Powder' 
 

 
ĶŌĮĪňŗȮ55  ŐĽħĚĽƞĺĬįĽĴĪňŗľĸŀĴŏľĸĺŐĸƟĺŏĽĶŖě  
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4) ĕńŘĬĨŀĬľĸńĚěŅĔľĸŀĴŏľĸĺŏĽĶŖěĮĸƞŀĵŒľƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮŏĞŖĨĨńĺŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ 
 

 
ĶŌĮĪňŗȮ56  ŐĽħĚĔŅĶĮĸƞŀĵŒľƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŏĞŖĨĨńĺŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ 
 

 
ĶŌĮĪňŗȮ57  ŐĽħĚĸńĔļĦŃĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮľĸńĚěŅĔŏĞŖĨĨńĺ 
 
5) ĕńŘĬĨŀĬĔŅĶĪħĽŀĭěŋħľĸŀĴŏľĸĺĪňŗĻŌĬĵƢĬĺńĨĔĶĶĴĺńĽħŋȮėĦŃȮĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮ

ĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢȮőħĵĔŅĶĬņĝŇŘĬĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃœĮĝńŗĚĨŅĴĬŘņľĬńĔĪňŗĨńŘĚœĺƟŐĸƟĺĬņĴŅĭĶĶěŋŒĽƞ
ĳŅĝĬŃȮ&PAN'ȮŐĸƟĺŀńħĮƕħİŅħƟĺĵŏėĶŊŗŀĚĮƕħįĬŉĔ 

 

 
ĶŌĮĪňŗȮ58ȮŐĽħĚĔŅĶŏĨĶňĵĴĪħĽŀĭěŋħľĸŀĴŏľĸĺĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'  



  86 

 
ĶŌĮĪňŗȮ59  ŐĽħĚĔŅĶĭĶĶěŋĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŒĬĳŅĝĬŃĪħĽŀĭěŋħľĸŀĴŏľĸĺȮ&PAN' 
 

 
ĶŌĮĪňŗȮ60  ŐĽħĚĸńĔļĦŃĳŅĝĬŃĪħĽŀĭěŋħľĸŀĴŏľĸĺȮ&PAN' 
 

 
ĶŌĮĪňŗȮ61  ŐĽħĚĔŅĶĬņĳŅĝĬŃĪħĽŀĭȮ&PAN'ȮĪňŗĭĶĶěŋĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮȮŏĕƟŅŏėĶŊŗŀĚ

ĪħĽŀĭȮDSC 
 

6) ȮĕńŘĬĨŀĬľĸńĚěŅĔĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŏĕƟŅŏėĶŊŗŀĚĪħĽŀĭŏĽĶŖěŐĸƟĺĪńŘĚȮ1ȮĽŌĨĶȮĬņĴŅ
ĺŇŏėĶŅŃľƢĔńĭőĮĶŐĔĶĴȮDSC ŏıŊŗŀľŅıŊŘĬĪňŗŒĨƟĔĶŅĲŒĬȮĔŅĶĭŀĔĕƟŀĴŌĸĝƞĺĚŏĺĸŅľĸŀĴŏľĸĺȮěŋħ
ľĸŀĴŏľĸĺĽŌĚĽŋħȮŐĸŃȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟœĮ  
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ĶŌĮĪňŗȮ62  ŐĽħĚĔŅĶŏħŇĬŏėĶŊŗŀĚĪħĽŀĭȮDSCȮ 
 

 

ĶŌĮĪňŗȮ63  ŐĽħĚĸńĔļĦŃįĸĪħĽŀĭěŅĔŏėĶŊŗŀĚĪħĽŀĭȮDSCȮ 
 
7) ĻŉĔļŅĺŇīňĔŅĶĬņĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĺńĽħŋīĶĶĴĝŅĨŇĪňŗěŃĽƞĚįĸŒľƟȮ

Moisture Content ŒĬŏĬŊŘŀĺńĽħŋĪňŗěŃĬņĴŅŏĮƦĬĺńĽħŋĔƞŀĽĶƟŅĚŀŅėŅĶĸħĸĚȮŏĮƦĬĔŅĶĻŉĔļŅĺŇīňĔŅĶĬņĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĴŅŒĝƟĔńĭĺńĽħŋīĶĶĴĝŅĨŇŏıŊŗŀıńĥĬŅėŋĦĽĴĭńĨŇŒĬĔŅĶĮƚŀĚĔńĬŐĸŃĸħėĺŅĴĝŊŘĬŏĕƟŅ
ĴŅŒĬŏĬŊŘŀĺńĽħŋȮőħĵŒĝƟĔĶŃĭĺĬĔŅĶȮEncapsulation MethodȮĺńĽħŋīĶĶĴĝŅĨŇőħĵĺŇīňĔŅĶ Coating 
MixingȮĕŀĚĺńĽħŋīĶĶĴĝŅĨŇĪňŗœħƟėńħŏĸŊŀĔĴŅŐĸƟĺȮ0ȮĝĬŇħȮĬņœĮĪħĽŀĭŏıŊŗŀľŅĽŌĨĶĽƞĺĬįĽĴĪňŗħŌħĞŉĴĬŘņ
ĬƟŀĵĪňŗĽŋħĔƞŀĬĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮ 

 
2. ĝƞĺĚŏĨĶňĵĴĺńĨĩŋħŇĭ 
ĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇĪňŗėńħŏĸŊŀĔĴŅĪħĽŀĭĽĴĴĨŇģŅĬĪňŗĺƞŅĔŅĶŏėĸŊŀĭįŇĺĺńĽħŋ

īĶĶĴĝŅĨŇőħĵĺŇīňȮCoating Mixing ĺńĽħŋŒħěŃĽŅĴŅĶĩĮƚŀĚĔńĬėĺŅĴĝŊŘĬŏĕƟŅĴŅŒĬĺńĽħŋœħƟħňĪňŗĽŋħȮőħĵĴň
ĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĔŅĶĪħĸŀĚȮħńĚĬňŘ 
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2.1 ĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĺńĨĩŋħŇĭ 
őħĵĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇȮ0ȮĝĬŇħȮėŊŀȮŐĔĸĭȮŐĸŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲȮĴŅįƞŅĬ

ĔĶŃĭĺĬĔŅĶŏėĸŊŀĭįŇĺĺńĽħŋīĶĶĴĝŅĨŇőħĵĺŇīňȮCoating MixingȮőħĵŒĝƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĪňŗĴňĽŌĨĶ
ĽƞĺĬįĽĴĶŃľĺƞŅĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĮŅĸƢĴĬŘņĴńĬĔńĭĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃěŅĔĩńŗĺŏľĸŊŀĚĪńŘĚľĴħ 
4ȮĽŌĨĶȮőħĵĴňĕńŘĬĨŀĬħńĚĨƞŀœĮĬňŘ 

 
ĕńŘĬĨŀĬĪňŗȮ/ȮĔņľĬħĽŌĨĶĽƞĺĬįĽĴĶŃľĺƞŅĚĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇĔńĭĮĶŇĴŅĦĺńĽħŋŏĮĸňŗĵĬ

ĽĩŅĬŃ 
 
ĨŅĶŅĚĪňŗȮ16  ŐĽħĚĽŌĨĶĪňŗĴňŀńĨĶŅĽƞĺĬįĽĴĕŀĚĮĶŇĴŅĦŐĔĸĭŐĸŃĮĶŇĴŅĦĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ

&PCM' 

ĽƞĺĬįĽĴ 
ĮĶŇĴŅĦĺńĽħŋ
īĶĶĴĝŅĨŇ 

ĮĶŇĴŅĦĺńĽħŋ
ŏĮĸňŗĵĬĽĩŅĬŃ 

ĶŃĵŃŏĺĸŅŒĬĔŅĶ
ŏėĸŊŀĭȮ&Coating' 

ĶŃĵŃŏĺĸŅŒĬĔŅĶŏĞŖĨ
ĨńĺĪňŗŀŋĦľĳŌĴŇľƟŀĚ 

ĽƞĺĬįĽĴĪňŗȮ/Ȯ&A1' /ȮKg 0.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 
ĽƞĺĬįĽĴĪňŗȮ0Ȯ&A2' /ȮKg 1.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 
ĽƞĺĬįĽĴĪňŗȮ1Ȯ&A3' /ȮKg 2.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 
ĽƞĺĬįĽĴĪňŗȮ2Ȯ&B1' /ȮKg 0.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 
ĽƞĺĬįĽĴĪňŗȮ3Ȯ&B2' /ȮKg 1.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 
ĽƞĺĬįĽĴĪňŗȮ4Ȯ&B3' /ȮKg 2.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 

 
ĕńŘĬĨŀĬĪňŗȮ0ȮȮŏĨĶňĵĴĺńĽħŋĨŅĴĮĶŇĴŅĦĽƞĺĬįĽĴĨƞŅĚŕȮĨŅĴȮĪňŗĔņľĬħœĺƟ 
 

 
ĶŌĮĪňŗȮ64  ŐĽħĚĸńĔļĦŃĕŀĚŐĔĸĭȮ 
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ĶŌĮĪňŗȮ65  ŐĽħĚĸńĔļĦŃĕŀĚŏĮĸŊŀĔĔŃĸŅĔŅŐĲ 
 

 
ĶŌĮĪňŗȮ66  ŐĽħĚĔŅĶĝńŗĚĺńĽħŋīĶĶĴĝŅĨŇȮ&ŐĔĸĭŐĸŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲ' 
 

 
ĶŌĮĪňŗȮ67  ŐĽħĚĔŅĶĝńŗĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮěŅĔĮŅĸƢĴ  
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ĶŌĮĪňŗȮ68  ŐĽħĚĔŅĶĝńŗĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮěŅĔĩńŗĺŏľĸŊŀĚ 
 

 
ĶŌĮĪňŗȮ69  ŐĽħĚĔŅĶĝńŗĚįĚĨŃœĭŏľĸŖĔȮ&Iron Powder' 
 
ĕńŘĬĨŀĬĪňŗȮ1ȮĬņĽƞĺĬįĽĴĨƞŅĚŕŏĕƟŅŏėĶŊŗŀĚįĽĴȮ&Mixing'ȮĪňŗĽŅĴŅĶĩĮĶńĭĸħŀŋĦľĳŌĴŇœħƟȮľĸńĚěŅĔ

ĬńŘĬȮŏĮƕħŏėĶŊŗŀĚįĽĴȮ&Mixing'ȮŐĸŃŏĮƕħľńĺŏĨŅŐĔƠĽŏıŊŗŀľĸŀĴĽƞĺĬįĽĴĨƞŅĚŕȮŒľƟŏĕƟŅŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬ 
 

 
ĶŌĮĪňŗȮ70  ŐĽħĚŏėĶŊŗŀĚįĽĴȮ&Mixing'ȮĪňŗĽŅĴŅĶĩĮĶńĭĸħŀŋĦľĳŌĴŇœħƟ  
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ĶŌĮĪňŗȮ71 ŐĽħĚĔŅĶĬņĽƞĺĬįĽĴŏĕƟŅŏėĶŊŗŀĚįĽĴȮ&Mixing'Ȯ 
 

 
ĶŌĮĪňŗȮ72  ŐĽħĚĔŅĶľĸŀĴŏľĸĺĽƞĺĬįĽĴĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŒĬŏėĶŊŗŀĚįĽĴȮ

&Mixing' 
 
ĕńŘĬĨŀĬĪňŗȮ2ȮĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗœħƟĮĶŇĴŅĦĨŅĴĽŌĨĶĸĚœĮȮėĸŋĔŏėĸƟŅŒĬŏėĶŊŗŀĚįĽĴȮ&Mixing'Ȯ

ŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚȮěĬŀŋĦľĳŌĴŇĸħĸĚěĬĪņŒľƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃĔĸŅĵŏĮƦĬœĕ&Wax'ȮŏėĸŊŀĭĺńĽħŋ
īĶĶĴĝŅĨŇĪńŘĚľĴħ 

 

 
ĶŌĮĪňŗȮ73  ŐĽħĚĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇȮ&ŐĔĸĭŐĸŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲ'ȮėĸŋĔŏėĸƟŅŒĬŏėĶŊŗŀĚįĽĴȮ

&Mixing'  
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ĶŌĮĪňŗȮ74  ŐĽħĚĔŅĶ CoatingȮĺńĽħŋīĶĶĴĝŅĨŇħƟĺĵĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŒĬŏėĶŊŗŀĚįĽĴȮ

&Mixing' 
 
ĕńŘĬĨŀĬĪňŗȮ3ȮĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĩŌĔŏėĸŊŀĭħƟĺĵĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĴŅıńĔŒľƟŏĞŖĨĨńĺĪňŗȮ

ŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ 
 

 
ĶŌĮĪňŗȮ75  ŐĽħĚĸńĔļĦŃŐĔĸĭĪňŗŏĞŖĨĨńĺŐĸƟĺľĸńĚěŅĔŏėĸŊŀĭħƟĺĵĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM' 

 

 
ĶŌĮĪňŗȮ76  ŐĽħĚĸńĔļĦŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲĪňŗŏĞŖĨĨńĺŐĸƟĺľĸńĚěŅĔŏėĸŊŀĭħƟĺĵĺńĽħŋŏĮĸňŗĵĬ

ĽĩŅĬŃȮ&PCM'  
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ľĸńĚěŅĔĬńŘĬĔņľĬħĽŌĨĶŏıŊŗŀĪņĔŅĶŏėĸŊŀĭȮ&Coating'ȮĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚȮ4ȮĽŌĨĶħƟĺĵĺńĽħŋ 
ĬŘņĵŅĚıŅĶŅŀňĔĝńŘĬŏıŊŗŀĽĶƟŅĚȮėĺŅĴĨŉĚįŇĺŐĸŃĮĔĮƚŀĚıŊŘĬįŇĺŒľƟĔńĭįŇĺĺńĽħŋīĶĶĴĝŅĨŇŒľƟĴňėĺŅĴŐĕŖĚŐĶĚ
ŐĸŃĮƚŀĚĔńĬĔŅĶĶńŗĺĞŉĴĕŀĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŏĴŊŗŀŏĔŇħĔŅĶŏĮĸňŗĵĬĽĩŅĬŃŒĬĝƞĺĚŀŋĦľĳŌĴŇĨƞŅĚ ŕȮőħĵĴň
ĽŌĨĶĽƞĺĬįĽĴŐĸŃĕńŘĬĨŀĬħńĚĬňŘ 

 
2.2 ĔņľĬħĽŌĨĶĽƞĺĬįĽĴĶŃľĺƞŅĚĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇĔńĭĮĶŇĴŅĦĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ 
ĔņľĬħĽŌĨĶĽƞĺĬįĽĴĶŃľĺƞŅĚĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇĔńĭĮĶŇĴŅĦĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃ 

ĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĝƞĺĚŀŋĦľĳŌĴŇĪňŗŏľĴŅŃĽĴȮħńĚĕƟŅĚĨƟĬȮőħĵŒĝƟĺŇīň Coating MixingȮĔńĭŏėĶŊŗŀĚȮMixing 
ĪňŗĽŅĴŅĶĩĮĶńĭĸħŀŋĦľĳŌĴŇœħƟȮőħĵĪņĔŅĶŏĮĶňĵĭŏĪňĵĭĺńĽħŋīĶĶĴĝŅĨŇȮ0ȮĝĬŇħȮėŊŀŐĔĸĭȮŐĸŃŏĮĸŊŀĔ
ĔŃĸŅĔŅŐĲȮőħĵĴňĸņħńĭĕńŘĬĨŀĬħńĚĨƞŀœĮĬňŘ 

 
ĕńŘĬĨŀĬĪňŗȮ/ȮĔņľĬħĽŌĨĶŏıŊŗŀĪņĔŅĶŏėĸŊŀĭȮ&Coating'ȮĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚȮ4ȮĽŌĨĶ 
 
ĨŅĶŅĚĪňŗȮ1,1ȮȮŐĽħĚĽŌĨĶĪňŗĴňŀńĨĶŅĽƞĺĬįĽĴĕŀĚĮĶŇĴŅĦĺńĽħŋīĶĶĴĝŅĨŇŐĸŃĮĶŇĴŅĦĬŘņ

ĵŅĚıŅĶŅ 

ĽƞĺĬįĽĴ 
ĮĶŇĴŅĦĺńĽħŋ
īĶĶĴĝŅĨŇ 

ĮĶŇĴŅĦ 
ĬŘņĵŅĚıŅĶŅ 

ĶŃĵŃŏĺĸŅŒĬĔŅĶ
ŏėĸŊŀĭȮ&Coating' 

ĶŃĵŃŏĺĸŅŒĬĔŅĶŏĞŖĨ
ĨńĺĪňŗŀŋĦľĳŌĴŇľƟŀĚ 

ĽƞĺĬįĽĴĪňŗȮ/Ȯ&A1' /ȮKg 5.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 

ĽƞĺĬįĽĴĪňŗȮ0Ȯ&A2' /ȮKg 5.Ȯ% /ȮĝńŗĺőĴĚ 
0

2ȮĝńŗĺőĴĚ 

ĽƞĺĬįĽĴĪňŗȮ1Ȯ&A3' /ȮKg 5.Ȯ% /ȮĝńŗĺőĴĚ 
0

2ȮĝńŗĺőĴĚ 

ĽƞĺĬįĽĴĪňŗȮ2Ȯ&B1' /ȮKg 5.Ȯ% /ȮĝńŗĺőĴĚ 
0

2ȮĝńŗĺőĴĚ 

ĽƞĺĬįĽĴĪňŗȮ3Ȯ&B2' /ȮKg 5.Ȯ% /ȮĝńŗĺőĴĚ 
0

2ȮĝńŗĺőĴĚ 
ĽƞĺĬįĽĴĪňŗȮ4Ȯ&B3' /ȮKg 5.Ȯ% /ȮĝńŗĺőĴĚ 02ȮĝńŗĺőĴĚ 

 
ĕńŘĬĨŀĬĪňŗȮ0ȮĝńŗĚĽƞĺĬįĽĴĨŅĴĽŌĨĶĬņŏĕƟŅŏėĶŊŗŀĚįĽĴȮ&Mixing'ȮŐĸƟĺŏĮƕħŏħŇĬŏėĶŊŗŀĚȮ/ȮĝńŗĺőĴĚ 

ěĬĵŅĚıŅĶŅŏĶŇŗĴŐľƟĚȮŏėĸŊŀĭĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚľĴħ 
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ĶŌĮĪňŗȮ55  ŐĽħĚĔŅĶĝńŗĚĨĺĚĬŘņĵŅĚıŅĶŅĔƞŀĬĬņœĮŏėĸŊŀĭȮCoatingȮĺńĽħŋīĶĶĴĝŅĨŇ 
 

 

ĶŌĮĪňŗȮ78 ŐĽħĚĔŅĶŒĽƞĬŘņĵŅĚıŅĶŅŒĬŏėĶŊŗŀĚįĽĴȮ&Mixing' 
 

 
ĶŌĮĪňŗȮ79  ŐĽħĚĔŅĶŒĝƟœĴƟıŅĵŒĬĔŅĶĝƞĺĵıĸŇĔĺńĽħŋīĶĶĴĝŅĨŇŒĬŏėĶŊŗŀĚįĽĴȮ&Mixing' 
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ĶŌĮĪňŗȮ80  ŐĽħĚĸńĔļĦŃŐĔĸĭľĸńĚěŅĔĔŅĶŏėĸŊŀĭȮCoatingȮħƟĺĵĬŘņĵŅĚıŅĶŅ 
 

 
ĶŌĮĪňŗȮ81  ŐĽħĚĸńĔļĦŃŏĮĸŊŀĔĔŃĸŅĔŅŐĲľĸńĚěŅĔĔŅĶŏėĸŊŀĭȮCoatingȮħƟĺĵĬŘņĵŅĚıŅĶŅ 
 
ĕńŘĬĨŀĬĪňŗȮ1ȮĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĩŌĔŏėĸŊŀĭȮ&Coating'ȮħƟĺĵĬŘņĵŅĚıŅĶŅĴŅįŉŗĚĸĴŐĸŃıńĔœĺƟĪňŗ

ŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ 
 

 
ĶŌĮĪňŗȮ82  ŐĽħĚĸńĔļĦŃĔŅĶŏĪĺńĽħŋīĶĶĴĝŅĨŇľĸńĚěŅĔĔŅĶŏėĸŊŀĭ CoatingȮħƟĺĵĬŘņĵŅĚıŅĶŅ 
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ĶŌĮĪňŗȮ83ȮŐĽħĚĸńĔļĦŃĺńĽħŋīĶĶĴĝŅĨŇľĸńĚěŅĔĔŅĶŏėĸŊŀĭ CoatingȮħƟĺĵĬŘņĵŅĚıŅĶŅ 
 
ľĸńĚěŅĔĬńŘĬĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĮĶńĭĽĳŅıőħĵĺŇīňĔŅĶĕńŘĬĨƟĬĨŅĴŀńĨĶŅĽƞĺĬĽŌĨĶĨƞŅĚŕĪňŗĔņľĬħ

œĺƟŐĸƟĺĴŅĪħĽŀĭĔŅĶħŌħĞŉĴĬŘņŏıŊŗŀľŅĺƞŅĽŌĨĶŒħħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮőħĵĺŇīňĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĨŅĴ
ŀńĨĶŅĽƞĺĬĽŌĨĶĨƞŅĚ ŕ ĴŅĝńŗĚĬŘņľĬńĔĔƞŀĬŐĸŃľĸńĚ ĬņœĮŐĝƞĬŘņȮ02ȮĝńŗĺőĴĚȮĺńħĬŘņľĬńĔőħĵĔŅĶĝńŗĚĪŋĔ 
/ȮĝńŗĺőĴĚȮľŅŀńĨĶŅĽŌĨĶĽƞĺĬįĽĴĪňŗĴňĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮĝƟŅĪňŗĽŋħŐĸŃėŅĵĬŘņŏĶŖĺĪňŗĽŋħȮŏıŊŗŀĬņœĮŏĮƦĬ
ĽŌĨĶĽƞĺĬįĽĴĨƟĬŐĭĭĪňŗěŃĬņœĮĮĶńĭĽĳŅıĺńĽħŋīĶĶĴĝŅĨŇĔƞŀĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔȮ 

 
2.3 ĪħĽŀĭĔŅĶħŌħĞŉĴĬŘņ 
ĪħĽŀĭĔŅĶħŌħĞŉĴĬŘņőħĵĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĮĶńĭĽĳŅıőħĵĺŇīňĔŅĶĕńŘĬĨƟĬĨŅĴ

ŀńĨĶŅĽƞĺĬĽŌĨĶĨƞŅĚŕĪňŗĔņľĬħœĺƟŐĸƟĺĴŅĪħĽŀĭĔŅĶħŌħĞŉĴĬŘņŏıŊŗŀľŅĺƞŅĽŌĨĶŒħħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħ 
ĝƟŅĪňŗĽŋħŐĸŃėŅĵĬŘņŏĶŖĺĪňŗĽŋħȮőħĵĴňĕńŘĬĨŀĬħńĚĬňŘ 

 
ĕńŘĬĨŀĬĪňŗȮ/ȮĬņĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚȮ4ȮĽŌĨĶȮĭĶĶěŋĩŋĚőĮĶƞĚȮŐĸƟĺĬņĴŅĝńŗĚĬŘņľĬńĔŐĸŃĭńĬĪŉĔĕƟŀĴŌĸ

ĔƞŀĬĬņœĮŐĝƞĬŘņ 

 
 

ĶŌĮĪňŗȮ84ȮŐĽħĚĔŅĶĝńŗĚĬŘņľĬńĔŐĔĸĭĪňŗŏėĸŊŀĭ CoatingȮħƟĺĵĬŘņĵŅĚıŅĶŅĭĶĶěŋĩŋĚőĮĶƞĚ  
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ĶŌĮĪňŗȮ85  ŐĽħĚĔŅĶĝńŗĚĬŘņľĬńĔŏĮĸŊŀĔĔŃĸŅĔŅŐĲĪňŗŏėĸŊŀĭ CoatingȮħƟĺĵĬŘņĵŅĚıŅĶŅĭĶĶěŋ 
ĩŋĚőĮĶƞĚ 

 
ĕńŘĬĨŀĬĪňŗȮ0ȮȮĬņĩŋĚőĮĶƞĚĪňŗĭĶĶěŋĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚȮ4ȮĽŌĨĶȮĴŅŐĝƞĬŘņĶŃĵŃŏĺĸŅȮ02ȮĝńŗĺőĴĚ 

 

 
ĶŌĮĪňŗȮ86  ŐĽħĚĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĭĶĶěŋŒĬĩŋĚőĮĶƞĚŒĽƞŒĬĳŅĝĬŃĔŃĸŃĴńĚ 

 

 
ĶŌĮĪňŗȮ87  ŐĽħĚĔŅĶĬņĔƟŀĬŀŇģĴŅĪńĭĩŋĚőĮĶƞĚŏıŊŗŀŒľƟŐĝƞĬŘņœħƟĪŋĔĽƞĺĬ 
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ĶŌĮĪňŗȮ88  ŐĽħĚĔŅĶŏĨŇĴĬŘņŒĬĳŅĝĬŃŏıŊŗŀŐĝƞĺńĽħŋĺńĽħŋīĶĶĴĝŅĨŇȮ02ȮĝńŗĺőĴĚ 
 
ĕńŘĬĨŀĬĪňŗȮ1ȮĔŅĶĺńħĬŘņľĬńĔőħĵĔŅĶĝńŗĚĪŋĔȮ/ȮĝńŗĺőĴĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮľŅŀńĨĶŅĽŌĨĶ

ĽƞĺĬįĽĴĪňŗĴňĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮĝƟŅĪňŗĽŋħŐĸŃėŅĵĬŘņŏĶŖĺĪňŗĽŋħȮŏıŊŗŀĬņœĮŏĮƦĬĽŌĨĶĽƞĺĬįĽĴĨƟĬŐĭĭ 

 
ĶŌĮĪňŗȮ89  ŐĽħĚĸńĔļĦŃĺńĽħŋĺńĽħŋīĶĶĴĝŅĨŇľĸńĚěŅĔŐĝƞĬŘņ 
 

 
 

ĶŌĮĪňŗȮ90  ŐĽħĚĔŅĶĝńŗĚĬŘņľĬńĔĺńĽħŋīĶĶĴĝŅĨŇŒĬĩŋĚőĮĶƞĚĪŋĔȮ/ȮĝńŗĺőĴĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ 
 

ěŅĔĬńŘĬěŃœħƟĝĬŇħĺńĽħŋīĶĶĴĝŅĨŇŐĸŃĽŌĨĶĽƞĺĬįĽĴĨƟĬŐĭĭȮ/ȮĽŌĨĶĪňŗĴňĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮ
ĝƟŅĪňŗĽŋħŐĸŃėŅĵĬŘņŏĶŖĺĪňŗĽŋħȮȮŏıŊŗŀŒĝƟĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇĔƞŀĬĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔŏıŊŗŀ
ŒĝƟŒĬĕńŘĬĨŀĬĔŅĶĺŇěńĵĨƞŀœĮȮ  
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2.4 ĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇěŅĔĝĬŇħĺńĽħŋīĶĶĴĝŅĨŇŐĸŃĽŌĨĶĽƞĺĬįĽĴĨƟĬŐĭĭ 
ĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇěŅĔĝĬŇħĺńĽħŋīĶĶĴĝŅĨŇŐĸŃĽŌĨĶĽƞĺĬįĽĴĨƟĬŐĭĭĔƞŀĬ

ĬņœĮŏĮƦĬĽƞĺĬįĽĴŒĬėŀĬĔĶňĨĭĸŖŀĔŏıŊŗŀŒĝƟŒĬĕńŘĬĨŀĬĔŅĶĺŇěńĵĨƞŀœĮȮőħĵĕńŘĬĨŀĬĔŅĶįĽĴĺńĽħŋ
īĶĶĴĝŅĨŇŐĸŃĽŌĨĶĽƞĺĬįĽĴĨƟĬŐĭĭȮőħĵĴňĕńŘĬĨŀĬħńĚĬňŘ 

 
ĕńŘĬĨŀĬĪňŗȮ/ȮŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇĪňŗĴňĔŅĶħŌħĞŉĴĬŘņĬƟŀĵĪňŗĽŋħȮĝƟŅĪňŗĽŋħŐĸŃėŅĵĬŘņŏĶŖĺĪňŗĽŋħ 

ŒľƟœħƟĨŅĴĮĶŇĴŅĦĪňŗĔņľĬħŏıŊŗŀĪņĔŅĶĬņœĮ Coating MixingȮĔńĭŏėĶŊŗŀĚȮMixingȮĪňŗĽŅĴŅĶĩĮĶńĭĸħ
ŀŋĦľĳŌĴŇœħƟ 

 
ĶŌĮĪňŗȮ91  ŐĽħĚĔŅĶŏĨĶňĵĴĺńĽħŋīĶĶĴĝŅĨŇĪňŗėńħŏĸŊŀĔŏıŊŗŀĬņœĮŏėĸŊŀĭ CoatingȮĔńĭĺńĽħŋŏĮĸňŗĵĬ

ĽĩŅĬŃȮ&PCM'ȮŐĸŃĬŘņĵŅĚıŅĶŅ 
 
ĕńŘĬĨŀĬĪňŗȮ0ȮĝńŗĚĽƞĺĬįĽĴĽŌĨĶĪňŗœħƟėńħŏĸŊŀĔĬņŏĕƟŅŏėĶŊŗŀĚįĽĴȮ&Mixing'ȮĪňŗĴňĔŅĶŏĨĶňĵĴĺńĽħŋ

ŏĮĸňŗĵĬĽĩŅĬŃœĺƟŐĸƟĺŐĸŃŏĮƕħŏħŇĬŏėĶŊŗŀĚȮ/ȮĝńŗĺőĴĚȮŏıŊŗŀŒľƟĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃŏėĸŊŀĭįŇĺĺńĽħŋīĶĶĴĝŅĨŇœħƟ
ĪńŗĺĩŉĚ 

 
ĶŌĮĪňŗȮ92  ŐĽħĚĔŅĶĝńŗĚĺńĽħŋīĶĶĴĝŅĨŇĪňŗĩŌĔėńħŏĸŊŀĔȮ  
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ĶŌĮĪňŗȮ93  ŐĽħĚĔŅĶĝńŗĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮěŅĔĮŅĸƢĴĨŅĴĽŌĨĶĪňŗįƞŅĬĔŅĶĪħĽŀĭ 
 

 

 
ĶŌĮĪňŗȮ94  ŐĽħĚĔŅĶĝńŗĚĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮěŅĔĩńŗĺŏľĸŊŀĚĨŅĴĽŌĨĶĪňŗįƞŅĬĔŅĶĪħĽŀĭ 
 

 

 
ĶŌĮĪňŗȮ95  ŐĽħĚĔŅĶĝńŗĚįĚĨŃœĭŏľĸŖĔȮ&Iron Powder'ȮĨŅĴĽŌĨĶĪňŗįƞŅĬĔŅĶĪħĽŀĭ 
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ĶŌĮĪňŗȮ96  ŐĽħĚĔŅĶľĸŀĴŏľĸĺĽƞĺĬįĽĴĨƞŅĚŕŒĬŏėĶŊŗŀĚįĽĴȮ&Mixing' 
 

 

ĶŌĮĪňŗȮ97  ŐĽħĚĔŅĶŏėĸŊŀĭ CoatingȮĺńĽħŋīĶĶĴĝŅĨŇħƟĺĵĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮŒĬŏėĶŊŗŀĚ
įĽĴȮ&Mixing' 

 
ĕńŘĬĨŀĬĪňŗȮ1ȮĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĩŌĔŏėĸŊŀĭħƟĺĵĺńĽħŋŏĮĸňŗĵĬĽĩŅĬŃȮ&PCM'ȮĴŅıńĔŒľƟŏĞŖĨĨńĺĪňŗ

ŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ 
 

 
 

ĶŌĮĪňŗȮ98  ŐĽħĚĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĴŅįŉŗĚĸĴŒľƟŏĞŖĨĨńĺ 
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ĕńŘĬĨŀĬĪňŗȮ2ȮľĸńĚěŅĔıńĔœĺƟȮ02ȮĝńŗĺőĴĚĝńŗĚĽƞĺĬįĽĴĨŅĴĽŌĨĶĬņŏĕƟŅŏėĶŊŗŀĚįĽĴȮ&Mixing'ȮĔńĭĬŘņ
ĵŅĚıŅĶŅȮŐĸƟĺŏĮƕħŏħŇĬŏėĶŊŗŀĚȮ/ȮĝńŗĺőĴĚȮěĬĵŅĚıŅĶŅŏĶŇŗĴŐľƟĚŏėĸŊŀĭĺńĽħŋīĶĶĴĝŅĨŇĪńŘĚľĴħ 

 

 
 

ĶŌĮĪňŗȮ99  ŐĽħĚĔŅĶĝńŗĚĬŘņľĬńĔĬŘņĵŅĚıŅĶŅŏıŊŗŀŏĨĶňĵĴŏėĸŊŀĭȮCoatingȮĺńĽħŋīĶĶĴĝŅĨŇ 
 

 
 

ĶŌĮĪňŗȮ100  ŐĽħĚĔŅĶŏĨŇĴĬŘņĵŅĚıŅĶŅŒĬŏėĶŊŗŀĚįĽĴȮ&Mixing'ȮĪňŗĴňĺńĽħŋīĶĶĴĝŅĨŇŀĵŌƞĳŅĵŒĬ 
 

 
ĶŌĮĪňŗȮ101  ŐĽħĚĸńĔļĦŃĔŅĶŏħŇĬŏėĶŊŗŀĚįĽĴȮ&Mixing'  
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ĕńŘĬĨŀĬĪňŗȮ3ȮȮĬņĺńĽħŋīĶĶĴĝŅĨŇĪňŗĩŌĔŏėĸŊŀĭȮ&Coating'ȮħƟĺĵĬŘņĵŅĚıŅĶŅĴŅįŉŗĚĸĴŐĸŃıńĔœĺƟĪňŗ
ŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮ 

 

 
ĶŌĮĪňŗȮ102  ŐĽħĚĔŅĶĬņĺńĽħŋīĶĶĴĝŅĨŇĴŅįŉŗĚľĸńĚĭĬŐįƞĬĴŋƟĚĸĺħĬņŀŀĔěŅĔŏėĶŊŗŀĚįĽĴȮ

&Mixing' 
 

 
ĶŌĮĪňŗȮ103  ŐĽħĚĔŅĶŏĔĸňŗĵĺńĽħŋīĶĶĴĝŅĨŇĭĬŐįƞĬĴŋƟĚĸĺħŒľƟœħƟĶńĭĸĴŀĵƞŅĚĪńŗĺĩŉĚ 

 

 
ĶŌĮĪňŗȮ104  ŐĽħĚĔŅĶĨŅĔĺńĽħŋīĶĶĴĝŅĨŇŒľƟŐľƟĚŐĸŃŏĞŖĨĨńĺ 

  


