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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा 

ҁࣴزճҔᇙϷԋೌמǴׯᡂόӕϐፓ፦Ꮚᅿᜪ、

ᄞషКٯǵᡵࢲ܄ϯᏊᅿᜪϷᇙਔ໔ᏹբచҹǴຑቲకߥ

ྕාᇙഢࣁคᐒᆫӝނϐ܄ϷځёՉ܄ǶࣴزЬाଞჹ

ࡋϷ᎑ᡶϐ۟ා(rock wool)Ϸࣔ੧۟ා(perlite)，аᐚޖ֖ 4M ϐ

NaOHϷ KOH Չᡵࢲ܄ϯբҔǴӕਔၲࣁคᐒᆫӝނϐமࡋा

ၸำаᡂଯᔂβ(metakolin)、ഏౠᠼᆢා(ceramic fiber)زࣴ，

ϷᕗለΒణ᎑բࣁፓ፦ᏊǴ٠ϩձڋᇙਔ໔ࣁ 1 λਔϷ 6 λ

ਔǶ่ࣴ݀زᡉҢ，а۟ාᇙࣁคᐒᆫӝٯࣁނ，όፕ၂ᡍၸ

ำ௦ҔՖᅿᡵࢲ܄ϯᏊᅿᜪϷᇙਔ໔Ǵ 28ϺᎦៈਔ໔ځ，ࡕ

ଯၲ֡ࡋᓸமל 75 kgf/cm2а，ӕਔऐং܄ϷऐН܄၂ᡍࡕ，

ӧϝёᆢࡋᓸமלځ 70 kgf/cm2 а，ԜѦ，ᛅᘠ၂ᡍϐྋ

рࡰኧࣁ 8.85~8.89໔，ҭ಄ӝྗೕጄॶǶԿࣔܭ੧۟ාᇙࣁ

คᐒᆫӝނϐ၂ᡍ่݀ᡉҢ，ࣔ੧۟ාၸፓ፦ࡕ，Бૈ

ύа۟ාబуځϐᔈҔǴނคᐒᆫӝډၲ 50%Ϸᇙਔ໔ 6 λਔ

ϐచҹΠǴᇙഢϐคᐒᆫӝނёၲלډᓸமࡋϐाǴԿܭᡵ܄

а߾ϐቹៜǴࡋமނϯᏊჹᆫӝࢲ NaOH (4M)ᇙϐคᐒᆫӝ

Ǵނ 28ϺᎦៈࡕϐלᓸமࡋၨଯǴऊၲ 72 kgf/cm2Ƕុࡕऐ

ং܄ϷऐН܄၂ᡍלځ，ࡕᓸமࡋϷྋрࡰኧ֡಄ӝྗೕጄ

ॶǶᡏԶقǴҁࣴزԋ݀ςࡌ߃ҥቲకྕߥාᇙഢࣁคᐒᆫ
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ӝނϐ܄ϩ，ᔈёբ࣬ុࡕࣁᜢቲకނೀϷคᐒᆫӝ

 ᔈҔᆶวϐୖԵǶೌמ
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Abstract 

This research investigates the feasibility of geopolymer produced 

from various kinds of discarded insulation materials. The discarded 

insulation materials are including rock wool and perlite. To enhance 

the compressive strength of geopolymer, the characteristics of 

geopolymer were also discussed by controlling types and addition 

ratio of amendments (metakoalin, ceramic fiber, and monoaluminum 

phosphate), types of alkaline activators (NaOH and KOH), and 

extraction time (1 and 6 hours). The experimental results indicated 

that the compressive strengths of geopolymer produced from rock 

wool after 28 curing days, when 4 M NaOH and/or KOH were used as 

an alkaline activator and extraction time were one and/or 6 hours, 

were all in compliance with the criteria and were higher than 75 

kgf/cm2. In the case of geopolymer manufactured from perlite, to 

comply with the thresholds of compressive strength of geopolymer, 

the perlite needed to be added suitable amendments and to adjust its 

characteristics of tested materials. The 50% rock wool used as an 

amendment was suitable for enhancing the compressive strength of 

geopolymer. In the case of 4 M NaOH and 6 hours extraction time, the 

compressive strengths of geopolymer were approximately 72 kgf/cm2 
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and were all in compliance with criteria. Meanwhile, the compressive 

strengths of geopolymer after weather ability and water resistance 

tests were also all in compliance with the criteria of geopolymer.  In 

summary, the results of this research could establish the characteristics 

of geopolymer produced from various kinds of discarded insulated 

materials, but also provide the information for relevant waste 

treatment and geopolymer technology application in the future. 
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൘൘൘൘ǵǵǵǵीฝጔଆᆶҞޑीฝጔଆᆶҞޑीฝጔଆᆶҞޑीฝጔଆᆶҞޑ 

୯ϣ֖ޖǵ᎑ϐคᐒቲకྍٰނᅿᜪϷኧໆᕷӭǴ܄፦ፄ

ᚇЪᡂϯৡ౦εǴόӕౢྍ٣़܌ғрϐԖᐒ܈คᐒԦݝǵԪ

෦ǵቲకྕߥࢂ܈౧ᔵమఫϐۭݝቲకނǴុࡕځϐೀǵ

ೀ܈ၗྍӆճҔϐೌמೕჄᆶᔈҔ৩Ǵڙज़ܭᅿᜪᆶ܄ϐ

ৡ౦ԶԖ܌όӕǴठ߈٬ԃٰԖᜢ֖ޖǵ᎑ϐคᐒቲకނό

ೀϐୢᚒଽԖวғǶԜѦǴၸѐ֖ޖǵ᎑ϐคᐒቲకނϐೀ

سೕჄǴεӭڙज़٬ܭҔൂೀำׇೌמ܈ǴၨคݤԖਏ

ঋ៝ၲԋᕉნ(Environment)ǵᔮ(Economic)Ϸૈྍ(Energy)Ӛ

य़ӛϐόӕाǴठ٬֖ޖǵ᎑ϐคᐒቲకނϐೀុ҉܈ճ

Ҕ܄ϝԖࡑуமǶࣁԖਏၲԋ֖ޖǵ᎑ϐคᐒቲకނϐӝ܄

ೀ܈ၗྍϯೌמೕჄǴаၲុ҉ځډճҔҞޑǴ߈ԃٰ୯ሞ໔

εӭරӛճҔՉೌמวрന٫ёՉϐᔈҔೌמǵ໒วബཥϷ

ཥᑉϐೀ܈ၗྍϯೌמǴаϷೕჄեૈྍፂᔐϐೀೌמБ

ӛЋՉǴаයԖਏቶ҉ុճҔೌמǴ٠ගܹೌמϐᔈҔჴ

ᕮǶ 

Ԗ᠘ܭ֖ޖǵ᎑ϐคᐒቲకុ҉ނճҔϐӝೕჄཷۺǴ

ᔈҔ࣬ᜢቲకၗڗжচނǴՉᆘՅࣴೌמวᆶᔈҔϐ

࣬ᜢࣴزǴςࢂ୯ϣѦ߈ԃٰᑈཱུࣴزᆶวϐᕉߥᚒǴځύ

ঋڀԖ্ނ፦ۓڰϯբҔϐคᐒᆫӝނ(geopolymer)ೌמϷځ

ᆶӭϡϯᔈҔวǴᅌ۔ౢډڙᏢࣴӚࣚϐख़ຎǶคᐒᆫӝ

ނځܭǴҗឦጤᏉߎߚᅿཥࠠคᐒޑԃٰᑈཱུว߈ࢂނ

ϯ܄፦ᓬܭද೯ݢើНݝǴڀԖଯלᓸமࡋ(high compressive 

strength)ǵեԏᕭ(low shrinkage)ǵёזڋೲ܈ᄌೲᏉ่(fast or 
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low setting)ǵלለ܄(acid resistance)ǵऐО(fire resistance)Ϸե

Ꮴ(low thermal conductivity)ᗺǴЪځᇙำեૈǵեԦނࢉ௨

 ǶᆘՅࣁຎݱςቶࢤᗺǴ໘ǴϷёճҔቲకၗܫ

Եໆ୯ϣҡϯǵᒳ៓ǵႝΚౢౢрϐቲకྕߥǴ

໘ࢤЬाаশБԄՉೀೀǴԶቲకྕߥϐ܄፦ጲ

Ǵ܌՞শᑈၨεЪೀҔଯǴҁीฝᔕೕჄՉ࣬ᜢค

ᐒᆫӝೌמނ໒วᆶᔈҔϐࣴزǴ߃ೕჄᒧۓϐ၂ᡍ

ᅿᜪǴЬाх۟ࡴාǵࣔ੧۟ǵഏౠᠼᆢා֖ޖǵ᎑୷ϐቲ

కྕߥǴբࣁҁԃࡋคᐒᆫӝೌמނ໒วᆶᔈҔϐࣴز

ჹຝǶीฝՉၸำନଞჹ࣬ᜢ၂ᡍϐቲకྕߥǴՉ୷ҁ

܄ၗϐࡌҥᆶຑѦǴӕਔஒଞჹځϣ֖ϐϯᏢԋϩՉፓ

፦ᆶคᐒᆫӝ၂ᡍǴаයࡌҥᆶຑঁձೀ܈Ӆӕೀϐന٫

ёՉᏹբచҹǶᡏԶقǴҁीฝډၲࣁॊ၂ᡍϐቲకྕߥ

ᙯඤࣁคᐒᆫӝᔈҔǴаϷૈ෧ᅹਏϐၗྍϯᔈҔ

ҞǶԶԖᜢҁीฝՉख़ᗺϷࢎᄬǴᘜયӵკ 1ǴႣයၲԋϐڀ

ᡏҞхࡴӵΠǺ 

 Ƕ܄ᆶᏹբೌמϐคᐒᆫӝࣁᙯඤྕߥҥӭϡቲకࡌ.1

 Ƕᆶຑϩ܄ϐҥคᐒᆫӝࡌ.2

 ຑǶၞىϐᅹೌמҥคᐒᆫӝࡌ.3
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კ 1 ҁीฝϐՉख़ᗺᆶࢎᄬ 

 

 

คᐒᆫӝϐᇙഢೌמ໒วคᐒᆫӝϐᇙഢೌמ໒วคᐒᆫӝϐᇙഢೌמ໒วคᐒᆫӝϐᇙഢೌמ໒ว(1st year) 
� ᏹբచҹᆶ܄ϐࡌҥᆶຑ  
� ന٫ϯڗచҹϐຑ  
� ന٫ϯᆫӝచҹϐຑ  

คᐒᆫӝคᐒᆫӝคᐒᆫӝคᐒᆫӝ 
ᇙϷԋزࣴೌמᇙϷԋزࣴೌמᇙϷԋزࣴೌמᇙϷԋزࣴೌמ 

ᇙഢคᐒྕߥቲక᎑ޖᇙഢคᐒ֖ྕߥቲక᎑ޖᇙഢคᐒ֖ྕߥቲక᎑ޖᇙഢคᐒ֖ྕߥቲక᎑ޖ֖

ᆫӝϐ܄ຑᆫӝϐ܄ຑᆫӝϐ܄ຑᆫӝϐ܄ຑ(1st year)  
  ܄ҥӭϡϯϐቲకၗࡌ �
� ຑคᐒᆫӝϐ܄  
� ຑคᐒᆫӝϐᕉნӼӄ܄  

 2nd)ၞىϐᅹೌמҥคᐒᆫӝࡌၞىϐᅹೌמҥคᐒᆫӝࡌၞىϐᅹೌמҥคᐒᆫӝࡌၞىϐᅹೌמҥคᐒᆫӝࡌ
year)  
� ૈྍਏϐКၨᆶຑ  
� Β਼ϯᅹ௨ܫ܄ϐຑ  

คᐒᆫӝᜢᗖೌמ 
ϐᔈҔᆶࣴว 

คᐒᆫӝᜢᗖೌמ 
ϐᔈҔᆶࣴว 

ૈྍᆶᕉნӼӄ܄ຑ

ϐᜢᗖೌמᆶᔈҔ 

ᜢᗖബཥೌמ 

ᜢᗖബཥೌמ ᜢᗖബཥೌמ 
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ມມມມǵǵǵǵࣴزБݤᆶၸำࣴزБݤᆶၸำࣴزБݤᆶၸำࣴزБݤᆶၸำ 

ǵคᐒᆫӝೌמނ 

()คᐒᆫӝೌמނϐচᆶ܄ 

1978ԃ Joseph Davidovitsஒځ໒วߚڀ፦(amorphous)

Կъ፦ (semi-crystalline)ރᄊϐ 3 ᆢ᎑ޖለᡶᆀࣁ

ȨgeopolymersȩǴཀࡰҗӦౚϯᏢբҔԋϐނᆫӝނǶԶ

߯คᐒᆫӝբҔ(geopolymerisation)ޑᒏ܌ ለᡶ਼ϯޖ᎑֖ࡰ

Al)ނ ଯܭǴቲకၗ܈ለᡶϐϺฅޖϖଛՏ)Ϸ܈Ѥࣁ+3

ᐚࡋપᡵ(KOHǵNaOH)܈ᡵߎឦޖለᡶ(K2SiO3ǵNa2SiO3)

ᡵࢲ܄ϯᏊϸᔈᕉნΠǴᗭಈ߄य़р SiǵAl ጤᡏǴԋค

ᐒᆫӝނ០ނ(geopolymeric precursor)ǴӵԄ(1)܌ҢǶԶค

ᐒᆫӝނ០ނஒᆶᡵࢲ܄ϯᏊǴՉᆫӝϸᔈǴԋ

Si-O-Al-OϐคᐒᆫӝނЬ༸ǴӵԄ(2)܌ҢǴԖᜢคᐒᆫӝނ

ϐϯᏢϸᔈԄӵΠǺ 

 

 

 

n(OH)3－Si－O－Al－－O－Si－(OH)3 + NaOH or (KOH) → ( Na+, K+)－(－Si－O－Al－－Si－O－) + 4nH2O 

(OH)2 

(คᐒᆫӝނ០ނ) (คᐒᆫӝނϐЬ༸) 

O O O (2) 

n(Si2O5, Al2O2) + 2nSiO2 + 4nH2O + NaOH or (KOH) → Na+, K+ + n(OH)3－Si－O－Al－－O－Si－(OH)3 

(OH)2 

(คᐒᆫӝނϐ០ނ) 

(SiɡAl  ፦) (1)ނ
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ԶقǴคᐒᆫӝނϐԋϸᔈᐒڋǴЬाхࡴѤঁ

ᡯǺ(1)᎑ޖለᡶނણᡏӧᡵࢲ܄ϯᏊύޑྋှբҔǹ(2)ྋ

ឦߎय़ӛᗭಈ໔ሜᘉණǹ(3)ᡵ߄ᡏᗭಈڰϷ᎑ᚆηҗޖޑှ

ᚆηϐ໔วғᆫӝϸᔈǹ(4)Ꮙጤᅌ௨ନ᎑ޖለᡶྋనᆶޖ

ഭᎩޑНϩǴ่ڰฯϯԋޖ᎑ለᡶϐคᐒᆫӝǴკ คࣁ2

ᐒᆫӝނϐϸᔈᐒڋҢཀკ(Duxson et al., 2007)Ƕ 

 

კ 2 คᐒᆫӝނϐϸᔈᐒڋҢཀკ(Duxson et al., 2007) 

(Β)คᐒᆫӝ่ނᄬ܄ᆶϩᜪ 

ӧคᐒᆫӝϸᔈၸำǴ᎑ޖለᡶᜪᆶᡵࢲ܄ϯᏊϸᔈ

ԋ Si-O-Alᗖ่ൂϡǶӢԜǴJoseph Davidovitsߡஒж߄Si-O-Al 

ൂϡϐ silicon-oxo- aluminateǴᕭቪࣁ SialateǴԶ Polysialates
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Ϸ[AlO4]Ѥय़ᡏӅҔ[SiO4]߄жࣁ߾ 1 ঁ਼চηǴԋރϷ

ᕉ่ރᄬϐߚ፦Կъ፦ᆫӝނǶԖᜢ PolysialatesᡍԄ

ӵԄ(3)܌ҢǴځύ M ឦᚆη(KɠǵNaɠ)ǹnߎᡵࣁ ᆫᕭࣁ

(polycondensation)ำࡋǹzࣁ Si/Al ವԸК(1Ǵ2Ǵ3܈εܭ 3) ǹ

w  НϐವԸໆǶ่ࣁ

MnȔɡ(SiO2)zɡAlO2ȕnǸwH2O                      ( 3 ) 

٩Ᏽ Si/Al ವԸКϐόӕǴёϩࣁ Polysialate(PS)ǵ

Polysialate-siloxo (PSS)Ϸ Polysialate-disiloxo (PSDS)ǵSialate 

link  4ᅿ୷ҁൂϡǴځ 3ᆢޖ᎑ለᡶ(silico-aluminate)่ ᄬǴ

ӵკ 3 ѳᑽ[AlO4]ࣁҢǶԶӧคᐒᆫӝϸᔈၸำǴ܌
ɡ่ᄬύ

ϐॄႝǴᡵࢲ܄ϯᏊύ Na+ǵK+܈ Ca2+ᚆη่ډᄬ

ύǴԋคᐒᆫӝނϐ่ᄬׯᡂǶკ ឦᚆηߎ٬Ҕόӕࣁ4

ᡵࢲ܄ϯᏊϐคᐒᆫӝ่ނᄬҢཀკǶ 

 

 

 

 

 

 



11 

Si：Al=1 

 

Si：Al=2 

Si：Al=3 

Si：Al＞3 Sialate link 

 

კ 3 คᐒᆫӝ่ނᄬკ(Davidovite, 1994ǹDavidovite, 2002) 

 

 

  
Na-PSБ໊ҡ K-PSϤБႇᗪҡ Ca-PS້  ҡߏ௹

  
K-PSSқᄱҡ K-PSDSߏҡ 

კ 4 όӕߎឦᚆηϐคᐒᆫӝ่ނᄬკ(Davidovite, 2011) 
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(Ο)ቹៜคᐒᆫӝբҔϐӢન 

ቹៜคᐒᆫӝբҔϷځ܄ϐӢનǴόѦЯԖচނ

ᅿᜪᆶ܄ǵᡵࢲ܄ϯᏊᅿᜪᆶᐚࡋǵᠳਔ໔ǵᎦៈྕࡋᆶ

ਔ໔Ƕ 

1.চނ 

(1)ᅿᜪϷނϯ܄ 

ଯᔂβ(kaolinite clay)җ਼ޖѤय़ᡏಔԋϐ[Si4O10]
4-ቫک

᎑਼Ζय़ᡏಔԋϐ[(OH)6Al 4(OH)2]ቫǴ܌ᄬԋ 1Ǻ1 ቫރ

่ᄬϐ֖᎑ޖለᡶނ(ӵკ Ң)ǶԶᡂଯᔂβ(metakaolinite)܌5

চǴଯྕ(500ʚа)㺘ᐨಥࣁаଯᔂβ(kaolinite clay)ࢂ߾

♏୷(dehydroxylated)܌ளډচη௨ӈόೕ߾ǴЪܭᡵ܄ྋనύ

ၨڀϸᔈ܄ࢲϐคН᎑ޖለᡶǶӢԜǴᡂଯᔂβࣁനதҔܭ

ӝԋݦҡϷคᐒᆫӝނϐϺฅނচǶElimbi et al.(2011)а

ଯᔂβᇙഢคᐒᆫӝᆘՅНݝϐࣴزύǴаଯᔂβǵН࣒ዟϷ

NaOHࣁচǴଯᔂβϐ㺘ᐨྕࣁࡋ 450ʚ~800ʚǴჹค

ᐒᆫӝᆘՅНݝᏉ่ਔ໔ (Setting time)ǵጕ܄ԏᕭ (Linear 

shrinkage)ϷלᓸமࡋϐቹៜǶ၂ᡍ่݀ᡉҢǴଯᔂβϐ㺘ᐨ

ܭϟࡋྕ 500ʚ~700ʚϐ໔Ǵ㺘ᐨྕࡋᆶคᐒᆫӝᆘՅНݝ၂

ᡏϐᏉ่ਔ໔ևॄ࣬ᜢ܄ǴԶᆶלᓸமࡋև҅࣬ᜢ܄ǹ㺘ᐨ

ܭଯࡋྕ 700ʚǴ߾㺘ᐨྕࡋᆶᏉ่ਔ໔Ϸጕ܄ԏᕭև҅࣬ᜢ
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 Ƕ܄ևॄ࣬ᜢࡋᓸமלǴᆶ܄

 

კ 5 ଯᔂβᡏ୷ҁ่ᄬ 

ԵໆଯᔂβࣁଯሽЪҔቶݱϐϺฅނǴЪܭคᐒ

ᆫӝϸᔈǴሡၸଯྕࢲϯಥНԋଯ܄ࢲϐᡂଯᔂ

βǴӢԜǴࣁफ़եғౢԋҁϷᅹ௨Ǵӕਔှ،ቲకၗϐ

ೀӆճҔୢᚒǴςԖӭЎଞჹ֖ SiǵAl ϡનϐቲ

కၗᆶଯᔂβǴӅӕᇙഢคᐒᆫӝϐёՉ܄Չࣴ

ǶGuo et al.(2014)аز TFT-LCD ቲ࣒ዟϷڼԯ SiO2

ύǴวزϐࣴނжᡂଯᔂβᇙഢคᐒᆫӝڗ TFT-LCD

ቲ࣒ዟڗжໆࣁ 10%Ǵڼԯ SiO2బуໆࣁ 1%ਔǴᇙԋϐ

คᐒᆫӝڀނԖၨ٫ΚᏢϷ༾่ᄬ܄ǴջלԔமࡋၨ

ଯЪϾሜեǶHao et al.(2015)ࢂ߾ϼૈय़݈ቲ࣒

ዟ(Solar Panel Waste Glass)బуໆǴჹଯᔂβคᐒᆫӝނ

ᐒఓϷ่ᄬ܄ϐቹៜǴ၂ᡍ่݀วϼૈय़݈ቲ࣒

ዟڗжଯᔂβϐКٯቚуǴஒᏤठϸᔈسϐ Al ֖ໆफ़

եǴԶ֫ᛖ᎑ޖለᡶᜪϐӝԋǴӢԜǴคᐒᆫӝނϐל
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ᓸமࡋวᆶϼૈय़݈ቲ࣒ዟబуКٯևϸКᜢ߯ǴԶ

၂ᡍ่݀ҭࡰрϼૈ݈ቲ࣒ዟϐനڗ٫жໆࣁ 10%Ǵځ

คᐒᆫӝނӧᎦៈសය 28Ϻϐלᓸமࡋёၲ 63 MPaǶ 

ќѦǴМ(2009)߾ଞჹྡྷᒳლԪϷᡂଯᔂβǴ

ӅӕᇙഢคᐒᆫӝϐёՉ܄ՉຑǴࣴࡰ่݀زр

ᒳლԪྡྷۓڰ /(ᡂଯᔂβ+ޖለ໊ )ख़ໆКࣁ 1Ǵ

SiO2/Al 2O3ࣁ 2.49ǵSiO2/M2O ࣁ 1.5ǴаϷႣᎦៈྕࡋᆶ

ਔ໔ϩձࣁ 60ʚǵ24 λਔᏹբచҹǴᇙԋϐคᐒᆫӝ

ೕݤឦྋрໆ֡಄ӝߎྋр၂ᡍϐख़܄܄ࢥځǴނ

ྗǴԶ၂ᡏ 28Ϻϐלᓸமࡋёၲ 26.09 MPaǴᡉҢаྡྷᒳ

ლԪᇙഢคᐒᆫӝǴዴჴڀวϷᔈҔወΚǶ 

аቲకނೀϐࡋفԶقǴ୯ϣѦӭࣴزҭරӛճ

Ҕ֖ޖǵ᎑Ϸ້ϐคᐒቲకނǴբࣁคᐒᆫӝނϐϸᔈচ

ǴځύΞа Fભ०ԪᇙഢคᐒᆫӝނϐᏹբచҹǴаϷ

ǶԶزࣴݱനቶ܄ᔈҔࠔౢ Chindaprasirt et 

al.(2007)ճҔ਼ϯ້֖ໆεܭ 10%ǴSiO2ɠAl 2O3ɠFe2O3

֖ໆεܭ 50%ϐ C ભ(ଯ້)०ԪǵН࣒ዟϷ NaOH চࣁ

Ǵᇙԋϐคᐒᆫӝלނᓸமࡋϟܭ 10 MPa~65 MPaǶ 

Görhan and Kürklü(2014)ࢂ߾ճҔ਼ϯ້֖ໆλܭ

10%ǴSiO2ɠAl2O3ɠFe2O3֖ໆεܭ 70%ϐ F ભ(ե້)०



15 

ԪǴբࣁᇙഢคᐒᆫӝނϐচǴ٠ᡵࢲ܄ϯᏊ NaOH

ᐚ3)ࡋMǵ6M Ϸ 9M)ϷᎦៈྕ65)ࡋʚϷ 85ʚ)Ǵჹނ

ϷΚᏢ܄ϐቹៜǶҗނ܄ϩ่݀ᡉҢǴਥᏵ

ܭຎϾሜϟځǴނᇙഢрϐคᐒᆫӝ܌ॊᏹբచҹ

25.3%~29.8%ǵ֎Нϟܭ 15.6%~19.2%ǵᡏஏ߾ࡋϟܭ

1,552.9 kg/m3~2,229.9 kg/m3ǴԶӧΚᏢ܄ϩǴค

ᐒᆫӝܭނ 85ʚᎦៈྕࡋచҹΠǴኙԔமࡋϟܭ 5.5 

MPa~8.1 MPaǶ 

ᎄМ(2010)ᒧҔНఫࣁݝჹຝǴ٠а࣒ዟણ

բ ࣁ ፓ ፦ / ᄞ ଛ   Ǵ Na2SiO3/NaOH ࣁ ጤ ่ Ꮚ

(SiO2/Na2O=1)ǴڋనڰКࣁ 4ǴԋࠠᓸΚ 20 kgf/cm2Ǵ

ೀਔ໔ࣁ 2λਔᏹբచҹǴၸคᐒᆫӝೌמեྕ

(500ʚаΠ)ᐨ่ᇙԋϐࡌᑐǴ܄ϩ่݀

(хࡴ֎НϷלᓸமࡋ)Ǵჴᇙഢрϐࡌᑐࣣё಄

ӝ CNS 382ද೯ᑄϐࠔ፦ೕጄྗǶ 

Tchakoute et al.(2013)ճҔОξԪᇙഢคᐒᆫӝނϐ

եКय़ᑈϷեෞᚆڀрࡰύǴزࣴ CaO ֖ໆ܄ϐОξ

ԪǴځคᐒᆫӝౢނϐᏉ่ਔ໔ၨߏǶTakeda et al.(2014)

ന٫ϐځϯᏊǴࢲ܄ᡵࣁচǴNaOHࣁрճҔОξԪࡰ

ᏹբచҹ߯ࣁڋОξԪϷᡵࢲ܄ϯᏊϐషӝКࣁٯ 3Ǻ
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1Ǵᡵࢲ܄ϯᏊᐚࣁࡋ 13.5 MǴᎦៈྕࡋϷᔸࡋϩձࣁ 30

ʚϷ 80%Ǵᇙԋϐคᐒᆫӝלނᓸமࡋёၲ 80.1 MPaǴԜ

ѦǴ၀ࣴزҭว࣬ၨܭ०ԪϷଯᔂβǴОξԪϐ SiO2

֖ໆၨଯǴӢԜǴӧคᐒӝϸᔈၸำǴၸᚐѦబуН࣒

ዟϐБԄǴჹׯ๓سϐฯϯᐒڋϷගܹคᐒᆫӝלނᓸ

மࡋϐਏ݀٠όᡉǶ 

(2)ಈ৩ελ 

࣬ᜢࣴࡰزрচނᗭಈЁκຫλǴК߄य़ᑈϷϸᔈ

ǵ᎑ྋрໆຫӭǴคᐒᆫӝޖǴזຫεǵϸᔈೲຫ܄ࢲ

ۯϷࡋᓸமלނຫଯǴᇙԋϐคᐒᆫӝࡋጤᡏϐᆫӝำނ

܄ຫε(Xu and Van Deventer, 2000ǹSata et al., 2012ǹHe 

et al., 2013)ǶTemuujin et al.(2009)ӧᐒఓࢲϯჹ०Ԫ

คᐒᆫӝނ܄ϐቹៜǴวၸࣴᑃϐᐒఓࢲϯБ

ԄǴஒ०Ԫᗭಈϐύॶಈ৩(D50)җ 14.4 µm फ़եԿ 6.8 

µmǴёቚу०Ԫ่ᄬύϐޖǵ᎑ྋှೲǴஒคᐒ

ᆫӝނϐלᓸமࡋҗ 16 MPaගܹԿ 45 MPaǶ 

Komnitsas et al.(2015)аᔼࡌቲకނ(Construction and 

demolition wastes, CDS)ᇙഢคᐒᆫӝϐቹៜӢη

ࣴزύǴࡰр၂ᡍϐಈ৩ελࣁቹៜคᐒᆫӝ

Ң၂ᡍ߄ϐख़ाӢηǴջᗭಈЁκຫλǴࡋᓸமל
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Ǵזय़ᑈǴคᐒᆫӝբҔϸᔈՉೲҭၨ߄Ԗၨଯϐڀ

٬ளคᐒᆫӝᗖ่மࡋϷלᓸமࡋၨமǶԶਥᏵคᐒ

ᆫӝϐלᓸமࡋϩ่݀ёޕǴ၂ᡍϐύॶಈ

৩(d50)λܭ 15µmǴஒёԖਏගܹלځᓸமࡋǶ 

2.ᡵࢲϯచҹ 

ᡵࢲ܄ϯᏊ(alkaline activator)ӧคᐒᆫӝϸᔈၸำǴЬ

ाߦࣁ AlǵSiϐྋှϷჲᆫނ(oligomers)ϐғԋǶӢԜǴ

ᡵࢲ܄ϯᏊϐᐚࡋϷᡵߎឦᚆηᅿᜪǴࣁቹៜ᎑ޖለᡶྋ

ှำࡋϷคᐒᆫӝբҔೲϐख़ाӢηǶԖᜢᡵࢲ܄ϯᏊᆶ

Al-Si ނϷޖለᡶᜪϐϯᏢϸᔈǴёҗϸᔈԄ(4)Կ(14)߄

Ң(Xu and Van Deventer, 2000)Ƕ 

җϸᔈԄ(4)Կ(14)ύǴёޕᡵࢲ܄ϯᏊᐚࡋቚуǴஒ

ԖճܭԄ(4)ԿԄ(10)ϐϸᔈӛѓՉǶԶԄ(4)ԿԄ(6)ࣁϯᏢ

Нӝϸᔈ(hydration reactions)Ǵջ OHɡᚆηᆶ Si-Al ᡏڰ

ᗭಈ߄य़ϸᔈǴԋ[Al(OH) 4]
ɡǵ[SiO(OH)3]

ɡǵΒሽ҅ޖለ

ᚆηǵΟሽ҅ޖለᚆηǶԄ(7)ԿԄ(10)ނࣁ߾ᓉႝϸᔈ

(electrostatic reactions)Ǵᡵߎឦᚆη Mɠᆶ[Al(OH) 4]
ɡǵ

[SiO(OH)3]
ɡǵΒሽ҅ޖለᚆηϷΟሽ҅ޖለᚆηϸᔈǴаѳ

ᑽউᓉႝѾΚ(coulomb electrostatic repulsion)ǶԄ(11)ԿԄ

উᓉႝЇΚࣁ(14) (coulomb electrostatic attraction)୷ᘵ
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Ǵᚆη໔ᕭӝҬϕբҔ(condensation interaction)Ƕ 

 

 

 

 

 

 

 

 

 

 

 

ԶӧϸᔈԄ(10)Կ(14)ύǴMɠᚆηஒᆶ[Al(OH)4]
ɡϷ

2 ނለᡶൂᆫޖ
ɡ + 2 ނለᡶΒᆫޖ

ɡ + 2Mɠ ↔ Mɠɡ
ᕉރΟᆫނ + Mɠɡ

ރΟᆫ2 + ނOHɡ (14) 

ɡOSi(OH)Oɡ + MɠɡOSi(OH)3 + M+ ↔ MɠɡOSi(OH)ɡOɡSi(OH)2O
ɡ ɠ MOH 

(ൂᆫނ) (ൂᆫނ) 
(13) 

O－ O－ 

(Βᆫނ) 

ɡOSi(OH)2O
ɡ + MɠɡOSi(OH)3 + M+ ↔ MɠɡOSi(OH)2ɡOɡSi(OH)2O

ɡ ɠ MOH 
(ൂᆫނ) 

(12) 
(ൂᆫނ) (Βᆫނ) 

ɡOSi(OH)3
ɡ + MɠɡOSi(OH)3 + M+ ↔ MɠɡOSi(OH)2ɡOɡSi(OH)3 ɠ MOH 

(ൂᆫނ) 
(11) 

(ൂᆫނ) (Βᆫނ) 

Mɠ + Al (OH)4
ɡ + OHɡ ↔ MɠɡOAl(OH)3O

ɡ ɠ H2O 
(ൂᆫނ) (ൂᆫނ) 

(10) 

3Mɠ + ɡOSi(OH)Oɡ ↔ MɠɡOSi(OH)OɡɠM 

O－ 

(ൂᆫނ) (ൂᆫނ) 
(9) 

O－＋M 

2Mɠ + ɡOSi(OH)2 ↔ MɠɡOSi(OH)2O
ɡɠM 

(ൂᆫނ) (ൂᆫނ) 
(8) 

Mɠ + ɡOSi(OH)3 ↔ MɠɡOSi(OH)3 
(ൂᆫނ) (ൂᆫނ) 

(7) 

ɡOSi(OH)2O
ɡ + OHɡ

 ↔ ɡOSi(OH)Oɡ + H2O (6) 
O－ 

ɡOSi(OH)3 + OHɡ

 ↔ ɡOSi(OH)2O
ɡ + H2O (5) 

AlɡSi ᡏᗭಈ + OHɡڰ

(aq) ↔ Al(OH)4
ɡ + ɡOSi(OH)3 

(ൂᆫނ) (ൂᆫނ) 
(4) 
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ᅿϸᔈǴғԋނለᚆηޖ҅ MɠɡAl(OH)4ൂᆫނ(monomer)Ǵ

аϷޖለᡶൂᆫނ (monomer)ǵΒᆫނ (dimer)ǵΟᆫނ

(trimer)Ǵफ़եෞᚆ[Al(OH) 4]
ɡϷ҅ޖለᚆηኧໆǴठ٬Ԅ(4)

ԿԄ(6)ϐϸᔈӛѓՉǶќҗϸᔈԄ(7)Կ(14)ύǴёᢀჸр

ᡵߎឦᚆηΨჹ᎑ޖለᡶϐྋှࡋԋቹៜǶऩᚆη

ЁκຫλǴஒԖշܭᡵߎឦᚆηᆶλϩηϐޖለᡶჲᆫނ

(oligomers)ǴхൂࡴᆫނǵΒᆫނǵΟᆫނǴՉᚆηჹϸ

ᔈ(ion-pair reaction)ǶӢԜǴ٬ҔᡵߎឦᚆηЁκၨλϐ

NaOHբࣁᡵࢲ܄ϯᏊǴஒёගଯ Al-Si  Ƕࡋᡏᗭಈϐྋှڰ

 ϯᏊᅿᜪࢲ(1)

ԶقǴҔٰᇙഢคᐒᆫӝނϐᡵࢲ܄ϯᏊǴЬा

ёϩࣁϐપᡵྋన(KOHǵNaOH)Ϸᡵߎឦޖለᡶྋన

(K2SiO3ǵNa2SiO3)ٿεᜪǶԶӧคᐒᆫӝϸᔈբҔύǴᡵ

ނቹៜচࣁឦᅿᜪǴߎᡵޑϯᏊύࢲ܄ SiǵAl ϡનྋр

ໆϐख़ाӢηǶЎࣴزҭࡰрǴ࣬ၨܭ Kɠ(152 pm)Ǵ

NaɠڀԖᚆηъ৩λ(116 pm)Ъ܄ࢲଯϐᗺǴӢԜǴӧค

ᐒᆫӝϸᔈၸำ٬Ҕ֖ Naɠϐᡵࢲ܄ϯᏊǴஒၨԖճܭ᎑

ᇙഢрϐคᐒ܌ԋǴ(oligomers)ނለᡶᜪྋрϷჲᆫޖ

ᆫӝނᐒఓம߄ࡋҭၨ٫  (Xu and Van Deventer, 

2000ǹଭМǴ2002)Ƕ 
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ԜѦǴᡵࢲ܄ϯᏊϐᡵߎឦᅿᜪǴҭ،ۓ၂ᡏࢂցр

߄य़қຝϐᜢᗖӢηǶŠkvára et al.(2009)ܭคᐒᆫ

ӝނϐқຝ(efflorescence)ࣴ ϯᏊύϐࢲрᡵࡰύǴز

ᡵߎឦ NaǵKǴࣁύک SiɡOɡAl ่ᄬύ Al ϐॄႝ܌

ǴԶаᗖ่ၨ১ϐ Na, K(H2O)n
ᗖ่ၨமϐߚԄǴԶ+

Na+ǵK+ԄǴᆶ SiɡOɡAl ่ᄬՉᗖ่(კ 6)Ǵठ٬

Na ύޜрǴ٠ᆶ၂ᡏᎦៈය໔ܰᒿНϩϐᇃวܭ

ޑ CO2ϸᔈғԋ Na2CO3ǷnH2OǴԋқຝǶٛࣁЗ

၂ᡏݱᗩǴ߾ёӧᡵࢲϯၸำа K жڗ NaϐБԄǴ٬ள

၂ᡏ߄य़ܭᎦៈၸำғԋНྋ܄ၨଯϐ K2CO3Ƕ 

 

კ 6 а NaOHᡵࢲϯᇙഢϐคᐒᆫӝ่ނᄬኳࠠ(Rowles et al., 2007) 

 

ԶӧճҔપᡵྋనࣁᡵࢲ܄ϯᏊϐࣴزύǴAbdul 

Rahim et al. (2015)ճҔόӕપᡵྋనբࣁᇙഢคᐒᆫӝނ
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ᡵࢲ܄ϯᏊϐ၂ᡍύǴаᐯྡ०ԪࣁЬाচǴڋᡵ܄

ࣁࡋϯᏊᐚࢲ 8MǴϸᔈྕࣁࡋ 60ʚǴϸᔈਔ໔ࣁ 14 Ϻ

ϐᎦៈచҹΠǴ٬Ҕ NaOH ᡵࢲ܄ϯᏊᇙԋϐคᐒᆫӝ

ၲࡋᓸமלϐځǴނ 65.28 MPaǴܴᡉၨ٬Ҕ KOH ᡵ

ϯᏊϐࢲ܄ 28.73 MPaࣁଯǶ 

М(2009)ճҔН࣒ዟ(Na2SiO3Ƿ9H2O)ᡵࢲϯᇙഢ

ଯ෦คᐒᆫӝزࣴނύǴаඔԄႝηᡉ༾᜔(SEM)

ᢀჸӧόӕᎦៈសයΠǴคᐒᆫӝ߄ނय़่ᄬϐᡂϯǴᡉ

Ңӧ߃Ꮙ໘1.3)ࢤ λਔ)ǴН࣒ዟНှғԋϐ H4SiO4 ྋጤ

Ϸ NaOHǴஒઇᚯ෦ϐɡOɡSiɡOɡSiɡOɡAlɡOɡ

่ᄬǴԋ SiO4ک AlO4Ѥय़ᡏǴ٠ҥջғԋ[OSi(OH)3]
ɡ

Ϸ[OAl(OH)3]
2-ϐНϯൂᆫނ(Monomer)ǵΒᆫނ(Dimer)

ϷӭᆫނჲᆫނǴӢԜǴၸ SEM ёᢀჸډ෦ᗭಈ

य़ᙟᇂቫྋጤ(H4SiO4߄ Ϸჲᆫނ)ǶԶӧಖᏉ໘4.2)ࢤ

λਔ)Ǵ߾Ӣᡵࢲ܄ϯᏊᆶޖǵ᎑ᚆηวғᆫᕭӝϸᔈǴࡺ

ёᢀჸډεໆեᆫᄊྋጤᡏғԋǶ 

ନॊٿᅿᡵࢲ܄ϯᏊѦǴ߈ԃٰ୯ϣѦ࣬ᜢคᐒᆫ

ӝނϐᇙഢǴεӭଞჹፄӝᡵࢲ܄ϯᏊჹคᐒᆫӝނϐ

ԋϸᔈቹៜՉࣴزǶڬМϷഋМ(2008)ӧቹៜ

ୃଯᔂβคᐒᆫӝނϐ܄ӢηࣴزύǴջଞჹ࣬ӕ
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ኳ ኧ (SiO2/Na2O=1) Ǵ ό ӕ ᅿ ᜪ ፄ ӝ ᡵ ܄ ࢲ ϯ Ꮚ

Na2SiO3/KOH Ϸ Na2SiO3/NaOHǴჹคᐒᆫӝלނᓸமࡋ

ቹៜՉ၂ᡍǴ၂ᡍ่݀ᡉҢ٬Ҕޑ Na2SiO3/KOH ϐ၂ᡏ

ࣁࡋᓸமל 89 MPaǴNa2SiO3/NaOHࣁ߾ 76 MPaǶचМ

(2014)όӕᅿᜪϐᡵࢲ܄ϯᏊჹҡྡගഇ׀෦ࣁচ

ǴᇙഢคᐒᆫӝނϐלᓸமࡋϷ༾ᢀ่ᄬቹៜύǴว

٬Ҕપᡵྋన (NaOHǵ KOH) ǵᡵߎឦޖለᡶྋన

(Na2SiO3)ǴаϷፄӝᡵࢲ܄ϯᏊ(Na2SiO3/NaOH)ǴჹӚស

ය ޑ ᓸל 㳾ࡋว  Ԗᡉ ৡ౦ Ǵ ύځ Ξа٬ Ҕ

Na2SiO3/NaOH ፦ໆКࣁ 1.0 ϐፄӝᡵࢲ܄ϯᏊϐלᓸம

ၲࡋᓸமל၂ᡏϐനଯނคᐒᆫӝځന٫Ǵࣁගܹਏ݀ࡋ

28 MPaǶ 

 ࡋϯᏊᐚࢲ(2)

ӧคᐒᆫӝނϐᆫӝϸᔈբҔύǴᡵࢲ܄ϯᏊϐᐚࡋ

 Ϸ่ᄬϐख़ाӢηǶWang et܄ϐΚᏢނቹៜคᐒᆫӝࣁ

al.(2005)ࣴ рคᐒᆫӝϸᔈϐࡰز NaOHᡵࢲ܄ϯᏊᐚࡋ

ཇଯǴځྋှᡂଯᔂβᗭಈૈΚຫӳǴ٬ғԋϐڀଯϸᔈ

ǴӢࡋϐϣϩηᗖ่மނၨӭǴёගܹคᐒᆫӝނᆫൂ܄

ԜǴคᐒᆫӝނϐלԔமࡋǵלᓸமࡋϷຎஏࡋǴ֡ᒿ

ᡵࢲ܄ϯᏊϐᐚࡋቚуԶගଯǶ 
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Somna et al.(2011)а NaOHࣁᡵࢲ܄ϯᏊჹׯ๓ႝቷ

०ԪᇙԋคᐒᆫӝלނᓸமࡋϐቹៜࣴزύǴࡰр

NaOH ᐚࡋቚуǴҭջคᐒᆫӝϸᔈسϐ OHɡᐚࡋቚ

уǴёуೲ०ԪྋှǴ٠Ԗճܭคᐒᆫӝނϐלᓸமࡋϐ

วǹϸϐǴऩၸࡋቚуϸᔈسϐ OHɡᐚࡋǴஒᏤठ᎑

ڋǶӢԜǴࡋᓸமלϐނᐘǴफ़եคᐒᆫӝ؈ለᏉጤޖ

ᡵࢲ܄ϯᏊᐚࡋϟܭ 4.5M~16.5MǴᎦៈྕ25)ྕ࠻ࣁࡋʚ

~28ʚ)ǵᎦៈਔ໔ࣁ 60 ϺǴ NaOHᐚࣁࡋ 14.0MǴค

ᐒᆫӝނϐלᓸமၲࡋനεॶऊ 23.0 MPa~25.5 MPaǶ 

ҭԖ࣬ᜢЎଞჹᡵࢲ܄ϯᏊᐚࡋჹคᐒᆫӝނᏉ

่ਔ໔ϐቹៜՉǴ่݀ᡉҢӧ࣬ӕᎦៈྕࡋΠǴค

ᐒᆫӝ߃ނᏉϷಖᏉਔ໔Ǵ֡ᒿ K2O ֖ໆ(KOH ᐚࡋ)

ϐቚуԶቚуǴԶᇙԋϐऐОคᐒᆫӝނלᓸமࡋҭ

ᒿϐቚу(Cheng and Chiu, 2003)Ƕ 

(3)SiO2/M2O 

݅М(2012)ճҔ TFT-LCD य़݈Ϸᡂଯᔂβᇙഢค

ᐒᆫӝزࣴނύǴࡰр SiO2/Na2OವԸКၨեਔǴس

ύஒڀԖىϐ OHɡёቚу SiO2Ϸ Al2O3ྋр Ǵໆՠၸໆ

ϐ OHɡஒόճܭᆫᕭӝϸᔈ(polycondensation)ϐՉǴӢ

ԜǴၸ TFT-LCD य़݈คᐒᆫӝނϐ܄ϩ่݀
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ёޕǴTFT-LCD य़݈คᐒᆫӝނϐᏉ่ਔ໔ǵלᓸமࡋ

ϷᏤ߯ኧ֡ᒿ SiO2/Na2O К(0.8~2.0)ቚуԶቚуǶ

Զ Hao et al. (2015)ӧճҔϼૈय़݈ቲ࣒ዟ(solar panel 

waste glass)Ϸᡂଯᔂβ(metakaolinite)ᇙഢคᐒᆫӝނϐ

ࣁٯଯᔂβబуКۓڰύǴزࣴ܄ 44.4%ǴаϷቲ

కϼૈय़݈࣒ዟబуКٯ 0%Ǵၸፓ Na2SiO3 Ϸ

NaOHషӝКٯϐБԄǴڋፄӝᡵࢲ܄ϯᏊϐSiO2/Na2O

ವԸКࣁ 0.75~1.75Ƕ၂ᡍ่݀ᡉҢǴคᐒᆫӝނϐלᓸம

ᒿ߯ࡋ SiO2/Na2O ವԸКቚуԶቚуǴӢԜǴ

SiO2/Na2OವԸКࣁ 1.75ǴᎦៈྕࣁࡋ 30ʚϷᎦៈਔ໔ࣁ

28ϺᏹբచҹΠǴᇙഢрϐคᐒᆫӝڀނന٫ΚᏢૈ܄Ǵ

ёၲࡋᓸமל 71.42 MPaǶ 

݅М(2006)ӧคᐒᆫӝނϐᔈҔࣴزύǴճҔ

ᐯྡԪ෦ϷᡂଯᔂβࣁচǴа Na2SiO3Ϸ NaOHషӝଛ

ᇙ SiO2/Na2O ವԸКࣁ 0.5~2.0 ϐፄӝᡵࢲ܄ϯᏊచ

ҹǴᇙഢคᐒᆫӝϐלᓸம่݀ࡋёޕǴᒿᡵࢲ܄ϯ

ᏊϐSiO2/Na2OವԸКቚуǴջፄӝᡵࢲ܄ϯᏊύϐNaOH

షӝКٯ෧ϿǴচނύϐ᎑ǵޖᚆηྋрໆफ़եǴ߾ค

ᐒᆫӝלᓸமࡋᒿϐफ़եǶ 

(4)SiO2/Al 2O3 



25 

ЬाচǴࣁМ(2008)ճҔᡂଯᔂβϷᐯྡ०Ԫ

กϯۭ෦ᔸᑔԦࣁݝᄞଛǴӧচଛКǵNa2SiO3

Ϸ NaOHᡵࢲ܄ϯᏊషӝКٯǵᎦៈచҹᏹբచҹǴჹ

ᔸᑔԦݝคᐒᆫӝނϐ܄ቹៜǶځύӧ SiO2/Al2O3

Кჹคᐒᆫӝނϐ܄ϩ่݀ᡉҢǴӧ࣬ӕᎦៈచ

ҹΠǴᔸᑔԦݝคᐒᆫӝނϐלᓸமࡋϷᏤ߯ኧǴ֡

ᒿ SiO2/Al2O3КቚуԶቚуǶ 

Silva et al.(2007)ܭคᐒᆫӝբҔϐΚᏢࣴزύǴճ

ҔషӝόӕКٯϐᡂଯᔂβϷᡵࢲ܄ϯᏊ (NaOH Ϸ

Na2SiO3)ϐБԄǴፓคᐒᆫӝբҔسϐ SiO2/Al 2O3 ವ

ԸКϟܭ 2.50~5.01Ǵ٠ଞჹόӕ SiO2/Al 2O3ವԸКᇙԋϐ

คᐒᆫӝՉᏉ่ਔ໔ϷלᓸமࡋϩǴ၂ᡍ่݀ว

ϐಖᏉ่ਔ໔ (final setting times)Ǵ߯ᒿ

SiO2/Al 2O3 ವԸКϐቚу(Al ֖ໆ෧Ͽ)ԶߏۯǶԶҗ

ΚᏢ܄ϩ่݀Ǵว SiO2/Al2O3 ವԸКගܹԿ

3.4~3.8ǴӧᎦៈࡕයڀԖၨ٫ϐלᓸம߄ࡋǶ 

3.ᠳਔ໔ 

මМϷМ(2011)ܭคᐒᆫӝߎނឦวزࣴݰύǴࡰр

ߏۯࡋᡵࢲϯᡂଯᔂβዀᡏϐᠳਔ໔ǴஒԖճܭᡂଯᔂ

βϐ SiǵAl ϡનϐྋрǴගܹϐלᓸமࡋǶฅ
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ԶǴၸߏۯࡋᠳਔ໔(εܭ 50ϩដ)Ǵᡵࢲ܄ϯᏊஒჹচ

ϐނ SiǵAl ྋрϷᗖ่ϸᔈԋॄय़ቹៜǴठ٬ל

ᓸமࡋफ़եǶ 

Chen et al.(2011)ܭճҔНఫݝϩڗжᡂଯᔂβᇙ

ഢคᐒᆫӝނϐࣴزύǴషӝόӕКٯϐ㺘ᐨНఫݝǵ

ҡણǵᡂଯᔂβǴۓڰНጤК(W/B)ࣁ 0.5ǴаϷᡵࢲϯᏊϐ

ᡵໆ(AE%)ᆶኳኧ(Ms)၂ᡍచҹǴᠳਔ໔ 90ǵ

180ǵ300 ϩដǴჹคᐒᆫӝלᓸமࡋϐቹៜǶ၂ᡍ่

݀วǴߏۯᠳਔ໔ԖշܭคᐒᆫӝϐԐයϷύයϐ

Ƕکܭᖿ߾วϐਏࡋᓸமלวǴՠჹఁයࡋᓸமל

ӢԜǴаНఫݝǵҡણǵᡂଯᔂβషکКٯǴϩձࣁ

70%ǵ30%ǵ0%ϐ RSBG100ٯࣁǴᠳਔ໔җ 45ϩដߏۯ

Կ 300ϩដǴᎦៈសයಃ 3ϺǴ၂ᡏלᓸமࡋёගଯ 35 %Ǵ

ԶܭᎦៈសයಃ 91ϺǴלᓸமࡋቚу 11 %Ƕ 

4.คᐒᆫӝϐᎦៈచҹ 

(1)Ꭶៈྕࡋ 

ࣁጄൎࡋϐྕނ፦คᐒᆫӝߚрᇙഢࡰزࣴ 20ʚ

~90ʚǴԶᇙഢ่ڀ፦คᐒᆫӝނǴ߾ሡڋଯᓸᇃ

ܭϟࡋྕ 150ʚ~200ʚϐ໔Ƕკ 7 Ǵࡋόӕϸᔈྕڋࣁ

K2O-Al2O3-SiO2 س  ϐ ค ᐒ ᆫ ӝނ ᜪ ࠠ (Davidovite, 
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1991)ǶԜѦǴҭԖӭᏢزࣴޣჴᎦៈྕࣁࡋቹៜคᐒ

ᆫӝނᏉ่(setting)Ϸฯϯ(Hardening)ϐЬाӢηǴӢԜǴ

ჹคᐒᆫӝלނᓸமࡋวԋᡉϐቹៜ(Guo et al., 

2010)ǶԶၨଯϐᎦៈྕࡋёගଯ᎑ޖለᡶྋှϷᆫӝϐϸ

ᔈೲǴғԋၨӭԖճܭமࡋวϐౢނǴՠऩၸࡋගଯ

ғԋϐคᐒᆫӝܭНϩεໆᇃวǴஒόճسǴϸᔈࡋྕ

ᓸלϷࡋۓϐ่ᄬᛙނϐᘉණᆶ፦Ǵठ٬คᐒᆫӝނౢ

மࡋफ़ե(Chindaprasirt et al., 2007ǹᓅМǴ2012ǹЦМ

Ǵ2010)Ƕ 

 

კ 7 คᐒᆫӝނϷݦҡ่ྕࡋጄൎ(Davidovite, 1991ǹKhale and Chaudhary, 2007) 

 

Mo et al.(2014)ӧຑᎦៈྕࡋϟܭ 20ʚ~100ʚჹᇙ

ഢᡂଯᔂβ(metakaolinite)คᐒᆫӝނϐቹៜࣴزύǴࡰр

Ꭶៈྕࡋϟܭ 80ʚ ~100ʚǴஒගଯᆫᕭӝϸᔈ
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(polycondensation)ϐℚᅉࡋǴԶεໆғԋϐคᐒᆫӝނ

០ނஒхᙟᡂଯᔂβᗭಈǴޖ᎑ڋለᡶᜪྋрϷࡕයᆫ

ᕭӝϸᔈϐՉǶӢԜǴ၀၂ᡍ่݀ᡉҢǴᎦៈྕࡋҗ

20ʚගଯԿ 60ʚǴคᐒᆫӝלނᓸம֡ࡋᒿϸᔈྕࡋቚ

уԶቚуǴԶᎦៈྕࡋ 60ʚǴᎦៈਔ໔ࣁ 7ϺǴคᐒᆫӝ

ёၲࡋᓸமלϐ 97.95 MPaǶฅᒿᎦៈྕࡋຬၸ 60

ʚਔǴคᐒᆫӝלނᓸமߡࡋ໒ۈफ़եǶϑМ(2014)ӧ

ણྡԪᇙഢคᐒᆫӝނషᏉβϐமࡋ܄၂ᡍ่݀ύǴࡰ

рคᐒᆫӝނషᏉβϐלᓸமࡋᒿᎦៈྕࡋϐගܹԶቚ

уǴՠၸࡋගଯᎦៈྕࡋǴջᎦៈྕࡋຬၸ 100ʚǴคᐒ

ᆫӝނషᏉβ၂ᡏஒӢНϩᇃวǴԋϾࢰғԋϷ၂ᡏԏ

ᕭǴ٬ளלᓸமࡋफ़եǶ 

(2)Ꭶៈਔ໔ 

ӧྕࣁࡋ 70ʚϐᎦៈᕉნΠǴߏۯᎦៈਔ໔ёߦค

ᐒᆫӝϸᔈϐᏉ่ϷฯϯǴගଯคᐒᆫӝނϐԐයமࡋ(൹

МǴ2014)ǶฅԶǴӧଯྕᕉნၸߏۯࡋᎦៈਔ໔Ǵઇᚯ

คᐒᆫӝނϐ gelular่ᄬǴᏤठᏉጤԏᕭคݤᙯϯ

ԋъ፦่ᄬ (Van Jaarsveld et al, 2002)ǶMemon et 

al.(2011)ӧᎦៈచҹ०Ԫคᐒ܄ᆫӝނషᏉβϐமࡋ

ቹៜࣴزύǴࡰрࣁࡋྕۓڰ 70ʚǴϸᔈਔ໔ϟܭ 24~96
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λਔϐᎦៈచҹǴคᐒᆫӝނ၂ᡏϐלᓸமࡋǴஒᒿᎦ

ៈਔ໔ϐߏۯԶቚуǴЪ၂ᡏϐלᓸமܭࡋᎦៈਔ໔ 96

λਔၲനଯǶ 

Slaty et al.(2013)ӧճҔNaOHᡵࢲ܄ϯᏊჹଯᔂβϐ

ᡵࢲϯزࣴ܄ύǴวڋᡵࢲ܄ϯᏊబуໆࣁ 16 

partsǴϸᔈྕࣁࡋ 80ʚਔǴคᐒᆫӝނϐלᓸமࡋǴஒᒿ

ᎦៈྕࡋϐቚуԶቚуǴЪϸᔈਔ໔ၲ 24λਔϷ 48

λਔǴלځᓸமࡋёϩձၲ 32 MPaϷ 48 MPaǶ၀ࣴࣁز

ᕕှᡵࢲϯࡕϐଯᔂβ่ᄬ܄ǴӢԜǴϩձଞჹଯᔂβ

ϷคᐒᆫӝނՉ 29SiϷ 27Al MAS NMRϩǴځύҗ 27Al 

MAS NMR ϩკёวǴଯᔂβϷคᐒᆫӝ֡ނӧɡ

5 ppmӸӧ 6ଛՏ᎑ϐঢ়ॶǴԶคᐒᆫӝނҭӧ 57 ppmр

ݢঢ়ǴᡉҢଯᔂβܭคᐒᆫӝϸᔈၸำǴϩ Al

ϐᗖ่Ԅஒҗ 6ଛՏᙯᡂԋ 4ଛՏǶ 

Βǵคᐒᆫӝނϐౢࠔ܄ϷᔈҔ܄ 

()คᐒᆫӝೌמނϷౢࠔϐ܄ 

คᐒᆫӝೌמނӢচڗளܰǴջ֖ SiǵAl ྍϐଯ

ᔂβǵᡂଯᔂβǵ०Ԫǵ⢄ǵቲ࣒ዟǵОξԪǵНఫݝ

Ϻฅ٣܈ނቲకނǴЪᇙഢрϐคᐒᆫӝڀނԖեНϯ

ǵեԏᕭ/ᑩ܄ǵեᅖ܄ǵଯלᓸமࡋǵלለᡵᆭᇑǵ
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ऐଯྕǵեૈ/ᅹ௨܄ǶӢԜǴคᐒᆫӝೌמނς

ቶݱᔈҔܭǵπǵβЕπำǵǵૐޜϷՐӻࡌ

ᑐሦୱǴԶࠔౢځҭቶёҔܭᆘՅНݝǵᆘՅషᏉβǵࡌᑐ

ᑄǵٛО/႖ǵ่ᄬံமǵख़ߎឦ֎ߕǵԖ

 Ƕ(МǴ2014ߠ)ᔈҔ৩ϯڰނቲక܄ܫ

ԶԖᜢคᐒ܄ᆫӝނϐ܄ϷᔈҔ܄Ǵܭ،ڗᆫޖ᎑

ለᡶ่ᄬύ SiǵAl চηК(ӵკ 8)Ƕځύܭե SiǺAl ॶ(1, 2, 3)

ਔǴคᐒᆫӝނϐᆫޖ᎑ለᡶឦ 3ᆢᆛ๎่ᄬǴڀଯখ܄

(rigid)ǴӢԜǴёࡌࣁᑐᑄǵٛО႖ǵԖ্ᆶܫ

ଯܭǶϯڰނቲక܄ SiǺAl ॶ(ɧ15)ਔǴคᐒᆫӝނϐ

ᆫޖ᎑ለᡶឦ 2ᆢᆛ๎่ᄬǴڀጕࠠᆫӝނϐ܄Ǵё

ǵٛОऐᠼᆢፄӝڀǵSPF᎑᠗π࠾πஏࣁ

(Davidovite, 2011)Ƕ 
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კ 8 คᐒᆫӝނϐᔈҔ܄(Davidovite, 2011) 

(Β)คᐒᆫӝೌמނϐᔈҔჴᕮ 

ҞคᐒᆫӝೌמϐϯᔈҔύǴаݤ୯ǵऍ୯Ϸᐞࢪ

ϐҾวၨڀೕኳǴԶคᐒᆫӝނϐౢࠔҞǴЬाхࡴН

ǶаǵٛОፄӝǵ่ᄬံமᑐᑄࡌǵషᏉβǵݝ

ΠջଞჹςϯϐคᐒᆫӝᆘՅషᏉβǵ่ ᄬံமϷፄ

ӝ݈ϐ܄ՉᇥܴǶ 

1.ᆘՅషᏉβ 

ᐞܲࢪγើ࣪ Wagner ϦљғౢϐᆘՅషᏉβ(Earth 
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Friendly Concrete, EFC)Ǵ߯ճҔྡྷ៓ቷଯ⢄Ϸᐯྡႝቷ०

Ԫ٣ቲకࣁނЬाচǴၸคᐒᆫӝೌמ(geopolymer 

binder technology)ᇙഢϐβЕࡌᑐ(ӵკ 9)Ƕᇙഢၸ

ำ٬܌Ҕጤ่Ǵࢂ߾аቲకނᇙԋϐคᐒᆫӝނǴڗж

ᇙำଯૈϐݢើНݝ(Portland cement)ǶӢԜǴᇙഢ

рϐᆘՅషᏉβڀଯל౷ለᡶߟᇑ܄(Highest sulphate 

resistance available)ǵଯלෛᚆη܄ (High chloride ion 

resistance)ǵଯऐለ܄(High acid resistance)ǵեԏᕭ܄(Low 

shrinkage)ǵեϸᔈ(Low heat of reaction)ǵեᅹ௨(Low CO2 

emission)ᗺǶځύӧΒ਼ϯᅹ෧ໆϐ่ࣴ݀زǴࡰр࣬

ၨܭషᏉβǴғౢ 1 m3மࡋ 25 MPaϐᆘՅషᏉβऊё

෧Ͽ 154 kg CO2௨ܫǴ32 MPaϐᆘՅషᏉβё෧Ͽ 184 kg 

CO2௨ܫǴ40 MPaϐᆘՅషᏉβ߾ё෧Ͽ 220 kg CO2௨ܫǶ

Զ WagnerϦљᔈҔคᐒᆫӝೌמǴ܌ғౢঋڀቲకނӆճ

ҔϷեᅹ௨/ૈϐᆘՅషᏉβǴ2011ܭԃᄪᕇPremiers 

ClimateSmart Sustainability Awardዛ(Wagner, 2015)Ƕ 
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კ 9 ᐞࢪ WagnerϦљϐᆘՅషᏉβ(Wagner, 2015) 

2.่ ᄬံம 

ऍ୯ Milliken & CompanyηϦљ Milliken Infrastructure 

Solutions, LLCғౢϐคᐒᆫӝǴЬाࣁᔈҔܭϯπǵ

ϦӅ୷ᘵࡌǵǴаϷҡݨϺฅϐᆅጕϷ่ᄬঅൺ

ǶҞ Milliken ϦљғౢϐคᐒᆫӝǴ٩ᏵځᔈҔ

܄ёϩࣁ GeoSprayTMǵǵǵǵGeoSprayTM AMSǵǵǵǵGeoPlugTMǵ

GeoFuseTM  4 ᅿǶԖᜢ Milliken ϦљճҔคᐒᆫӝೌמǴ

ғౢϐ่ᄬঅൺံமϐ܄ᇥܴǴӵკ 10 Ң܌

(Milliken Infrastructure Solutions, LLC, 2015)Ƕ 
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ଯૈ܄ᠼᆢமϯ❷ǴЬाᔈҔ่ܭᄬံம 

ɡচǺϺฅคᐒᆫӝނϷπቲకނǶ 

ɡ܄ǺଯமࡋǵեϾሜǶ 

ɡᕉნӼӄ܄Ǻό֖शΌǵคނࢥྋрǶ 

 ЬाᔈҔܭΠНၰᆅϐלғނᆭᇑ 

ɡ܄ǺଯኙԔ/ᗹӝமࡋǵל༾ғނЇ

ଆϐᆭᇑǶ 

ɡೌמ܄ǺזೲӼးǵեᏹբԋҁǶ 

(a) GeoSprayTM  (b) GeoSprayTM AMS 

 

 

 
ЬाᔈҔܭ༤ံᅅНϾሜϒаЗᅅ 

ɡচǺπቲక֖ނໆଯၲ 98 %Ƕ 

ɡ܄ǺёזೲᅖΕᕳϷϾࢰύǶ 

ɡೌמ܄Ǻܰӝ/ᔈҔǵեឲዀԋҁǶ 

 ऐϯᏢ܄ЪڀԾךঅൺૈΚϐ༡ǴځҞޑ

 ϐ٬Ҕԃज़ނᄬ่ߏۯࣁ

ɡ܄ǺלǵٛНǶ 

ɡೌמ܄Ǻё༡թܭӚᅿࡌᑐ߄य़Ƕ 

(c) GeoPlugTM (d) GeoFuseTM 

კ 10 ऍ୯ Milliken Ϧљϐ่ᄬံம(Milliken & Company, 2015) 

3.คᐒᆫӝނፄӝ݈ 

ᐞࢪ Nu-Core® GCP Geopolymer Composite Panelܭ

2011 ԃԋҥǴЬाࣁ໒วғౢ᎑༟ፄӝ݈ (Aluminium 

composite panel, ACP) Ϸߎឦፄӝ (Metal Composite 

materials, MCM)ǶԶ၀ϦљςᏱԖғౢคᐒᆫӝނፄӝ݈



35 

(Geopolymer Composite Panel)ϐೌמճǴҞ܌ғౢϐค

ᐒᆫӝނፄӝ݈ࠔǴхࡴ Nu-Core® A2FR Geopolymer 

Composite PanelϷ Nu-Core® FR Lite Geopolymer Composite 

PanelǴӵკ ឦཥࠠፄӝ݈ނҢǶNu-Core® คᐒᆫӝ܌11

ϐٛО݈(όᐯࠠ)Ǵ௦ҔคᐒᆫӝނբࣁǴڀԖٛОǵ

ǴӢԜǴ܄य़ǵёӣԏǵᕉნ϶๓߄ࡋᐯǵଯமߔ

ǵܭᔈҔݱቶ߾ԃ߈ǴޜૐܭයЬाᔈҔ߃ೌמ

πǵβЕπำǵϷՐӻࡌᑐ(Nu-Core®, 2015)Ƕ 

 

კ 11 ᐞࢪ Nu-Core®ϐคᐒᆫӝނፄӝ݈(Nu-Core®, 2015) 

Οǵࣴزᄬགྷ 

Ԗ᠘ܭԖਏफ़եቲకྕߥೀ܈ೀჹᕉნޑፂᔐǴ

аϷᖱ႟ቲకᆶӄၗྍϯϐวౣǴቚቲకྕߥϐ

ӄၗྍϯᔈҔǴჴࣁख़ाϐᕉნᚒǴӕਔճҔቲకྕߥ
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ࢤ໘ࢂǴҭϯϐᔈҔۓϯ/ᛙۓ፦ӼނԖ্ڀঋࣁբ

ख़ाϐࣴزБӛǶӢԜǴҁीฝճҔᡵࢲϯϐคᐒᆫӝೌמǴ

၂ᙖҗׯᡂόӕϐᡵࢲ܄ϯᏊᅿᜪǵፓ፦όӕϯӝނಔԋǴ

аϷНϩ֖ໆ၂ᡍᏹբచҹǴයࡌҥቲకྕߥᙯඤࣁค

ᐒᆫӝϐҁβϯୖೌמኧǴբࣁ҂ٰᔈҔܭԖ্ނ፦(֖ܫ

܄ቲకނ)Ӽۓϯ/ᛙۓϯೌמᔈҔϐୖԵ٩ᏵǶ 

ҁीฝೕჄՉ࣬ᜢคᐒᆫӝೌמނ໒วᆶᔈҔࣴزϐ

Ǵ߃ᒧ۟ۓා(rock wool)ǵࣔ੧۟(perlite)ྕߥࣁЬा

ྕߥჹຝǶीฝՉၸำନϩձଞჹ࣬ᜢ၂ᡍϐቲకزࣴ

ǴՉ୷ҁ܄ၗϐࡌҥᆶຑѦǴӕਔஒଞჹځϣ֖ϐ

ϯᏢԋϩՉፓ፦ᆶคᐒᆫӝ၂ᡍǴаයࡌҥᆶຑঁձೀ

߄Ӆӕೀϐന٫ёՉᏹբచҹǶ܈ 1 Չϐቲకۓीฝᔕࣁ

ϐೌמຑाᆶϣϐᜢ߯Ǵ҂ٰᙖҗᔈҔុࡕᆶྕߥ

ԵໆᆶׯᡂǴຑคᐒᆫӝނёՉϐᔈҔ৩Ƕ 
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߄ 1 ҁीฝቲకྕߥϐຑाᆶϣ(ҁीฝ༼) 

 

ѤǵࣴزᡯᆶБݤ 

ҁीฝճҔᡵࢲ܄ϯᏊᆫӝคᐒԋҽᇙഢࣁཥࠠϐคᐒᆫ

ӝǴයԖਏஒቲకྕߥᙯඤࣁǴीฝᒧҔ֖ޖǵ

᎑୷ϐ۟ාϷࣔ੧۟ǴࣁЬाࣴز၂ᡍǴ٠ᙖҗᄞଛ

ഏౠᠼᆢාǵᡂଯᔂβϐፓ፦БԄǴϩձճҔ NaOHǵKOH ϐ

ᡵࢲ܄ϯᏊՉࢲڗϯϸᔈǴᇙԋคᐒᆫӝϐ

܄Ƕҁीฝаคᐒᆫӝϐᇙচፓ፦ᆶᏹբచҹ

 Չᡯ௶ॊᇥܴӵΠǺځϷݤϣǵБزЬǴ࣬ᜢࣴࣁ

()ࣴزБݤ 

ҁीฝᒧۓа֖ޖϷ᎑୷ϐ۟ාǵࣔ੧۟زࣴࣁჹ

ຝǶќᒧҔ֖᎑୷ϐഏౠᠼᆢාϷᡂଯᔂβǴբࣁፓ፦܈ᄞ

ଛϐख़ाচǶӧᡵࢲ܄ϯᏊᒧǴҁࣴ߯زᒧҔપᡵྋన

ϐ NaOHϷ KOHǶԶॊ۟ාǵࣔ੧۟ǵഏౠᠼᆢා 3 ᅿ

ᡵࢲ܄ϯᏊ 

ᏹբచҹڋ 

চ܄ڋ 

 ೕጄຑ

ᕉნӼӄຑ粘

෧ᅹਏຑ粘ճҔፓ፦Бݤ 

ຑा粘ຑϣ粘

ǸԾҗН粘

Ǹלᓸமࡋ粘

Ǹᛅᘠ粘

ǸऐН܄粘

Ǹऐং܄粘

Ǹऐᒟ܄粘

۟ා 

੧۟粘

ഏౠᠼᆢා粘

ᔈҔೌמϐԵໆ粘

ᡂଯᔂβ粘



38 

ǴаගϷ༾ᢀಔᙃϩ܄ϯނϷᡂଯᔂβǴஒՉྕߥ

ዴᇡ҂ٰᔈҔϐӼࣁፓ፦ϐ୷ᘵၗǶԜѦǴคᐒᆫӝٮ

ӄ܄Ϸೀၸำύёૈϐᡂ܄Ǵҁࣴزҭଞჹ၂ᡍ

 ǶՉϩࡋឦᕴໆϷྋрᐚߎϐϯᏢಔԋǵख़

(Β)ჴᡍഢᆶᏹբచҹ 

Ԗᜢྕߥᙯඤคᐒᆫӝϐፓ፦БݤǴ߯ ߥॊ٩

ǴӵٯϐషӝКஒ߃Ǵ่݀ϩ܄ϯނϐ୷ҁྕ

߄ ΕܫǴஒ၂ᡍࡕٯϐᄞଛКۓҢǶᒧ܌2 105ʚ

ଳύՉଳᔿ٠ࣴᑃǶӆϩձճҔપࣁࡋ 95%ϐ NaOH(ΐ

ᛰࠔਲ਼Мޗ)ǵ85%ϐ KOH(ᖄπϯᏢቷިҽԖज़Ϧљ)ڰᡏ

ᗭಈǴଛᇙᐚࣁࡋ 4M ϐᡵࢲ܄ϯᏊǶࢬޔۓᠳᏔϐᙯೲ

500 rpmǴషӝᠳ၂ᡍϷᡵࢲ܄ϯᏊ 1λਔϷ 6λਔǴ

ஒషӝࡕϐዀᡏ༤Εޔ৩ࣁ 2.5cmǴଯࣁࡋ 5.0cmϐ༝ࢊ၂

ᡏኳǶௗஒ၂ᡏᙟᇂ༟ጤጢǴ٠ܭጃύаྕࡋ 60ʚǴ

Չ 24λਔϐႣᎦៈǶႣᎦៈࡕϐ၂ᡏǴӆࡋྕܭ 25ʚǵ

࣬ჹྒྷࡋ 75%ϐࡡྕࡡᔸᕉნύᎦៈ 7 ϺࡕಥኳǴෳ၂၂ᡏ

Ꭶៈܭ 7ǵ14ǵ21ǵ28ǵ56Ϸ 100ϺϐלᓸமࡋǶԖᜢᇙഢค

ᐒᆫӝϐࢬำკǴӵკ  ҢǶ܌12
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߄ 2 ҁीฝ၂ᡍᆶᡵࢲ܄ϯᏊϐჴᡍଛК 

Mixtures 

Raw materials (g) 

Al(H2PO4)3 

 
Activators 

(mL) Time 
(hr) 

Si/Al 
(molar 
ratio) Rock 

wool 
Perlite 

Ceramic 

fiber 
Metakaolin  NaOH KOH 

R-N 1,000 0 0 0 0  700 0 1 2.63 

R-K 1,000 0 0 0 0  0 700 1 2.63 

RP-N 500 500 0 0 0  800 0 1 4.17 

RP-K 500 500 0 0 0  0 800 1 4.17 

PC-N 0 500 500 0 0  800 0 1 1.32 

PC-K 0 500 500 0 0  0 800 1 1.32 

RPC-N 500 300 200 0 0  750 0 1 1.95 

RPC-K 500 300 200 0 0  0 750 1 1.95 

R-N 1,000 0 0 0 0  800 0 6 2.63 

R-K 1,000 0 0 0 0  0 750 6 2.63 

RP-N 500 500 0 0 0  850 0 6 4.17 

RP-K 500 500 0 0 0  0 850 6 4.17 

PM-N 0 500 0 500 0  1000 0 6 4.22 

PM-K 0 500 0 500 0  0 950 6 4.22 

R-A-N 1,000 0 0 0 5  750 0 6 2.63 

R-A-K 1,000 0 0 0 5  0 750 6 2.63 

RP-A-N 500 500 0 0 5  850 0 6 4.17 

RP-A-K 500 500 0 0 5  0 850 6 4.17 
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კ 12ᇙഢคᐒᆫӝϐࢬำკ 

(Ο)Չᡯ 

ྋ܄܄ࢥឦᕴໆϷߎ፦ǵख़܄ϐ୷ҁނාᜪቲకྕߥҥࡌ.1

р܄ङඳၗǶ 

2.ճҔ ICPǵXRD Ϸ SEMϩྕߥාᜪቲకނϐϯᏢಔԋǵ

 ᅿϷ༾ᢀಔᙃǴࣴᒧӝϐёૈᄞଛଛКጄൎǶނ

3.Չྕߥᇙഢคᐒᆫӝϐಔԋచҹǵፓ፦ᆶᏹբచ

ҹჴᡍǶ 

4.ϩᔠჴᡍᏹբచҹᆶคᐒᆫӝϐ܄ᆶೕጄǶ 

5.ᆕӝຑٮ၂ྕߥǴӧᇙഢคᐒᆫӝϐಔԋᆶፓ፦

۟ා/੧۟粘

ᡵࢲ܄ϯᏊ粘

ഏౠᠼᆢා/ᡂଯᔂβ粘

ᡵࢲϯำׇ 
(speed=500 rpmǵtime=1 hrǵ6hr) 

ႣᎦៈำׇ 
(temp.=60ʚǵtime=24 hr) 

Ꭶៈำׇ 
(temp.=25ʚǵRH=75 %) 

คᐒᆫӝ粘

[NaOH/ KOH]=4M 

time=7~100 day 
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ጄൎǵᏹբచҹϷቹៜӢηǶ 

ϖǵϩҞᆶБݤ 

ҁЬाࣁଞჹࣴ٬܌زҔϐྕߥՉ୷ҁ܄፦Ǵ٠

ჹځᇙԋϐคᐒᆫӝՉ܄ϩǶԶҁࣴࣁزຑคᐒ

ᆫӝ܄Ǵ׳ଞჹ၂ᡍϷคᐒᆫӝՉ

XRD ǵSEM༾ᢀ่ᄬϷᅿϩނ FTIR ϩη่ᄬϩǶаΠϩ

ձଞჹЬाϩҞϷБݤᙁॊӵࡕǶ 

()၂ᡍ୷ҁ܄፦ϩ 

Ԗᜢҁࣴ٬܌زҔϐ۟ාǵࣔ੧۟ǵഏౠᠼᆢා 3ᅿߥ

ᕉߥଣᕉࡹ٩ᏵՉࣁǴݤБ፦ϩ܄Ϸᡂଯᔂβ୷ҁྕ

ᔠ܌ϦϐྗБݤǴϩҞхࡴ pHǵΟԋϩǵϯᏢಔԋǵ

Ҟྋрำׇǵಈ৩ϩѲǶаΠϩձଞჹЬाϩ܄܄ࢥ

ϷБݤᙁॊӵࡕǶ 

1. pH [NIEA R208.03C] 

(1)ગڗ 20.0 gኬܭࠔ 250 mLᐨ݆ϣǴуΕ 100 mLᇃᚖН

ᠳ 5ϩដǶ 

(2)ᓉషӝనऊ 15ϩដǴࡑᝌੌނ፦؈ᐘǴྋనϩቫǶ 

ቫዂమనǴаڗ(3) pH meter (Suntex SP-2200)ໆෳ pHॶǶ 

2.Οԋϩϩ [NIEA R205.01C] 
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Нϩ(%) = 
( )

%100
1

21 ×−
W

WW
 

Ԫϩ(%) = %100
1

3 ×
W

W
 

ёᐯϩ(%) = 100(%)ɡНϩ(%)ɡԪϩ(%) 

W1ǺΕጃϐኬࠔख़ǹW2Ǻ 105ʚǴԿϿ 2 λ

ਔаϐଳਔ໔Ǵډޔೱុٿԛኬࠔગख़ϐख़ໆৡλܭ

ЗǹW3Ǻࣁ% 0.5 800 ʚଯྕกϯ 3λਔࡕԪख़Ƕ 

3.ಈ৩ϩթ 

ϩձஒ၂ᡍаᑔᆛၸᑔБԄՉಈ৩ϩǴᑔ

ᆛ٩ಈ৩εԿλࣁ٩ׇǺȾ40(420 µm)ǵȾ100(149 µm)ǵȾ

140(105 µm)ǵȾ200(74 µm)ǵȾ270(53 µm)ǵȾ350(40 µm)

ϷȾ400(37 µm)Ǵҗਁၸᑔ 20 ϩដࡕǴગڗ੮ӧᑔᆛ

ϐྕߥख़ໆǴीᆉр੮ᑔКϷಕᑈ੮ᑔКǴᛤᇙрಈ

৩ϩթკǶ 

4.ख़ߎឦᕴໆϯ [NIEA R317.10C] 

ख़ߎឦᕴໆϩࢂаՉࡹଣᕉნߥៈ܌Ϧ NIEA 

R317.10C Ȩ٣ቲకނрనύख़ߎឦᔠෳБݤ-༾ݢᇶշ

ለϯݤȩՉ༾ݢϯำׇǶ 

 [NIEA R201.13C] (TCLP)ݤྋрำׇБ܄܄ࢥ.5

Ϧ܌ៈߥଣᕉნࡹаՉࢂݤྋрำׇБ܄܄ࢥ
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ϐȨ٣ቲక܄ࢥނ܄ྋрำׇȩՉڰᡏख़ߎឦྋ

рჴᡍǶྋрనၸᘠለϯࡕǴճҔགᔈጠӝႝዀӀሺ

(ICP-OES,ऍ୯ OPTIMA 2000DV)܈ОฃԄচη֎ԏӀሺ

(VARIAN S2400)ෳۓख़ߎឦ֖ໆǴаᕕှচࢂցԖၲډ

 ϐค্ϯྗǶۓݤ

(Β)คᐒᆫӝ܄ϩ 

ҁࣴزคᐒᆫӝ܄ϩϐᔠෳೕጄϷ Ǵྗ߯ ٩Ᏽ

Չࡹଣচηૈہܭ 92 ԃ 9 Д 10 ВวѲࡼՉǴܭ٠ 101

ԃ 7Д 9Вঅ҅ϐȨեܫ܄ቲకނനಖೀϷځࡼӼӄᆅ

ೕ߾ȩಃ 5 చǵಃ 6 చǴаϷ߄ߕΟ-եܫ܄ቲక֡ނϬ

ǵ܄ǴՉԾҗНǵऐОۓϷྗϐೕݤϯᡏෳ၂ҞǵБڰ

ϩ܄ǵऐ܄ǵऐᒟ܄ǵऐং܄ǵᛅᘠǵऐНࡋᓸமל

ϯᡏǴӢڰ܄คᐒࣁᇙഢϐคᐒᆫӝزǶฅԵໆҁࣴ

ԜǴஒόଞჹϐऐО܄Ϸऐ܄Չ၂ᡍǶаΠϩձଞჹ

ЬाϩҞϷБݤᙁॊӵࡕǶ 

1.ԾҗН [ANSI/ANS55.1] 

Ҟෳղۓ၂ᡏࢂցԖԾҗНӸӧǴऩԖԾҗНӸӧߡа

ᏔуаԏǴ٠ໆෳځᡏᑈϷ pHॶǶ 

 [ASTM-C39] ࡋᓸமל.2

٬Ҕൂືࡺৡ౦ǴࡋϐமࡕᕕှόӕచҹǴ၂ᡏϸᔈࣁ
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ൂܭܫஒ၂ᡏࢂݤǶ၂ᡍБࡋᓸமל၂ᡏۓᓸ၂ᡍᐒෳל

ΚॶǴӆନаڙനεڗᓸѳѠϒауᓸǴ၂ᡏઇ࿗ਔ᠐לື

၂ᡏᄒय़ᑈջёளǴځीᆉϦԄӵΠǺ 

= (kgf/cm2)ࡋᓸமלືൂ
A 

P  

Pɨ၂ᡏઇਔനεख़(kgf)ǹAɨനεख़ϐᐉᘐय़ᑈ 

(cm2)Ƕ 

3.ᛅᘠ [ANSI/ANS16.1] 

၂ᡏᇙഢၸำబуฮለ⿉ǵฮለ⥴ϷฮለႃǴబуКܭ

ᇙբֹԋਔǴӃࠔϯᡏ၂ڰܭϐϩϐǶ၂ᡍࣁ֡ٯ

ीᆉрঁ၂ܫ֖܌ࠔ܄ਡᅿϷᕴܫ܄மࡋ apǶ၂ᡏ

ࡡྕࡡᔸᎦៈ 28 ϺࡕǴ٩Ᏽऍ୯ਡૈڐࡌϐ

ANSI/ANS16.1Չᛅᘠ၂ᡍǶջஒ၂ᡏܭݰѐᚆηᇃ

ᚖНύǴځ٬ዎᔸऊ 30 ϐѐݰǴ٠ஒࠔр၂ڗҥջࡕࣾ

ᚆηНڗኬीෳӚਡᅿϐᕴܫ܄மࡋ arǴҗ ap-arջёள

၀၂ࠔϐ܄ࢲ߃மࡋ a0Ƕ၂ࠔॊ 30 ࣾዎᔸࡕǴջख़ཥ

ಃݰܭඤໆϐѐᚆηНǴ׳ 1 Ϻܭϸᔈਔ໔ಃ 2ǵ7ǵ

24 λਔǴՉѐᚆηᇃᚖН௦ኬϷ׳ඤǹಃ 2~5 ϺǴ߾

24λਔڗኬϷඤН 1ԛǴܭಃ 19Ϻǵಃ 47ϺϷಃ 90Ϻ

ՉڗኬϷඤНǶϩНኬϐႃǵ⥴ǵ⿉ᐚࡕࡋǴीᆉॊ 3
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ᅿਡᅿϐྋрࡰኧǶ 

่݀ϩǺటளྋрࡰኧǴӃளڰϯᡏϐԖਏᘉ

ණǴԶԖਏᘉණёҗΠӈޑ፦ໆଌБำԄٰ߄ҢǺ 

 

 ύځ

DǺԖਏᘉණ(cm2/s)Ƕ 

anǺਡᅿԾ၂ࠔӧಃ nԛྋр໔႖ਔញܫрϐ܄ࢲ(͔Ci)Ƕ 

a0Ǻਡᅿӧ၂ࠔύಃԛྋр໔႖໒ۈϐ܄ࢲமࡋ(͔Ci)Ƕ 

=tn-tn-1Ǻಃ nԛྋр໔႖ਔ໔(sec)Ƕ 

VǺ၂ࠔᡏᑈ(cm3)Ƕ 

SǺ၂ࠔϐ߄य़ᑈ(cm2)Ƕ 

TǺྋр໔႖ϐѳ֡ਔ໔(sec)Ǵջ T=[(tn
1/2+tn-1

1/2)/2]2 

ύځ tnǺݰԿಃ nԛྋр໔႖ਔ໔(sec) 

    tn-1ǺݰԿಃ n-1ԛྋр໔႖ਔ໔(sec) 

аीᆉ܌ளѳ֡ਔ໔жΕǴளڰϯᡏϐԖਏᘉණ D

ॶࡕǴӆڗϐԾฅჹኧॶ(а ύటࠔϯᡏ၂ڰࣁǴջ(ۭࣁ10

ෳۓϐਡᅿ i ኧ(Leaching IndexǴLࡰྋрޑ i)ǴۓကࣁǺ 
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 ύ͊Ǻதኧ(1.0 cm2/s)ځ

DiǺҗჴᡍኧᏵ܌ीᆉрࢌਡᅿ i ϐԖਏᘉණ(cm2/s)Ƕ 

4.ऐН܄ 

ஒ၂ᡏܭதྕΠǴܭݰѐᚆηᇃᚖНύᆢ 90 Ϻࡕ

य़Ԗ߄၂ᡏۓǴҞෳղڹΠଳᔿၸྕ࠻ܭрǴௗᡣ၂ᡏڗ

ควғᓫǵઇ࿗ǵᡂຝࡕǴаൂືלᓸ၂ᡍᐒෳۓ၂

ᡏלᓸமࡋǶ 

5.ऐং܄ 

ஒ၂ᡏܭऐং܄၂ᡍచҹϐྕᔸࡋෳ၂࠻ύǴ 30

ঁຼයǴӅी 180λਔϐ 60ʚଯྕϷեྕ-10ʚൻᕉᡂϯࡕǴ

аൂືלᓸ၂ᡍᐒෳۓ၂ᡏלᓸமࡋǶԶԖᜢऐং܄၂ᡍϐ

߄ǴӵۓϷਔ໔ࡋǵᔸࡋྕ  ҢǶ܌3
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߄ 3 ऐং܄၂ᡍϐྕࡋǵᔸࡋϷਔ໔ۓ 

Step ਔ໔ (min) ྕࡋ (ʚ) ᔸࡋ (%) 

0 5 25 60 

1 60 25 60 

2 20 60 90 

3 60 60 90 

4 40 25 60 

5 60 25 60 

6 40 -10 0 

7 60 -10 0 

8 20 25 60 

6.ऐᒟ܄ 

ஒ၂ᡏܭᒟྣࡼύǴаᒟᏊໆόεܭ

2×103 Gy/hϐ Co-60уଭྍྣ၂ᡏǴ٬၂ᡏ֎ԏᏊໆၲ

106 GyаࡕǴҞෳղۓ၂ᡏ߄य़Ԗควғᓫǵઇ࿗ǵᡂ

 Ƕࡋᓸமל၂ᡏۓຝǴӆෳ

(Ο)คᐒᆫӝ࣬Ϸ่ᄬϩ 

1.Ӏણ҃ᙅϩ(X-Ray Differactometer, XRD) 

X Ӏણ҃ᙅϩሺ(HRXRD D8SSS, Bruker Co.)Ьा

٩Ᏽ Bragg’s Law(λ=2d’sinθ/nǴnǺҺཀኧǴdǺय़ຯᚆǴθǺ

Εف)ϐচٰղނځۓᅿϐࠠᄊǴԜ၂ᡍӃஒᐨ่၂

ᡏҗઇ࿗ǵࣴᑃԋણ҃ࡕރՉނᅿ᠘ۓǶҁࣴزϐᏹբ

చҹႝࣁᓸ 40 kVǵႝࢬ 100 mAǵCuႢǵKαጕǵNi ᘠ
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Тǵ2θفᙅࡋف 10°~90°ǵඔೲࣁ 0.05°2θ/secǶඔ

рϐკёճҔ D-500ၗೀ೬ᡏϷ JCPDSၗϐၗ

ǴՉނᅿ᠘ۓǶ 

2.༾ᢀ่ᄬᢀჸ(Scanning Electron Microscope, SEM) 

ᅲԄႝηᡉ༾᜔(Вҁ HITACHI S3000N)ЬाࢂճҔ

ଯૈໆႝޑηᆫӀ״ᅲኬ߄ࠔय़ǴճҔ҅ୃૻဦԏᏔ

ஒΒԛႝηౢғϐեૈໆᙯඤԋёᡉҢܭཱུᆅϐૻဦǴӵ

ԜౢૈߡғቹႽԶуаᢀෳǶՉ SEM ቹႽᢀჸǴѸ

Ӄஒ၂ᡏ߄य़ᗓ܈ߎᙟаҡᏀǴ٬ႝη״Ѻӧ၂ᡏૈࡕᏤ

ႝǶ 

3.ഡҥယᙯඤआѦӀϩ (Fourier transform infrared 

spectroscopy, FTIR) 

ഡҥယᙯඤआѦӀሺ(PerkinElmer)߯ ճҔϯӝނϩ

ηύૈ۔ޑ୷ౢғϩη໔ਁ܈ᙯኳԄਔǴ֎ԏߏݢۓ

аआѦࢂфҔځ୷ҁ่ᄬǴޑआѦӀচԶҔٰᢀჸϩηޑ

ӀΕኬࠔǴኬྣڙࠔౢ܌ғϐӀႝࢬၸഡҥယᙯඤϐ

ၮᆉԶԋኬࠔϐआѦӀ֎ԏᓎǴᙖаՉኬࠔϐ܄ۓᆶ

ϐໆෳጄൎزǶҁࣴໆϩۓ 400 cm-1~4,000 cm-1Ǵှࡋ

നଯёၲ 1.0 cm-1Ƕ߄  ҞϷྗǶЬाϐϩ༽ࣁ4
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߄ 4 ၂ᡍҞБݤϷྗ 

ෳ၂Ҟ ෳ၂Бݤ ݤೕྗ/ೕጄ 

試
驗
材
料
基
本
性
質
分
析 

pH NIEA R208.03C -粘

Οԋϩ NIEA R205.01C -粘

ಈ৩ϩթ 
җਁၸᑔ 20ϩដࡕǴગڗ੮ӧ

ᑔᆛϐྕߥϐख़ໆǶ 
-粘

ख़ߎឦᕴໆϯ NIEA R317.11C -粘

ྋрำ܄܄ࢥ

ׇ 
NIEA R201.13C 

ྋрྗ(mg/L)ǺPd=5.0ǹ

Se=1.0ǹCr=5.0ǹAs=5.0ǹ

Cu=15.0ǹCd=1.0ǹBa=100Ƕ 

無
機
聚
合
材
料
特
性
分
析 

ԾҗН ANSI/ANS55.1 

1.ԾҗН֖ໆλڰܭϯᡏᡏ

ᑈϐ 0.5%Ƕ 

2.ԾҗНϐ pHॶᔈεܭ 6Ƕ 

ܭᔈεࡋᓸமל ASTM-C39 ࡋᓸமל 15 kgf/cm2Ƕ 

ᛅᘠ ANS16.1(Нڰݝϯᡏёෳ၂ 5Ϻ)Ƕ 
ኧᔈࡰϯᡏϣӚਡᅿᛅᘠڰ

εܭ 6Ƕ 

ऐН܄ 
ϯᡏНڰ 90Ϻࡕෳ၂לᓸமࡋ

(தྕΠ)Ƕ 

ܭᔈεࡋᓸமל 15 kgf/cm2Ƕ 

ऐং܄ 
ෳ၂ࡕൻᕉᡂϯࡋϯᡏྕǵᔸڰ

 Ƕࡋᓸமל

ܭᔈεࡋᓸமל 15 kgf/cm2Ƕ 

ऐᒟ܄ 

ϯᡏаڰ Co-60 ϐуଭᒟྣǴ

֎ԏᏊໆၲԭЉႜ(Gy)ࡕෳ၂

 ϷਡᅿᛅᘠǶࡋᓸமל

ܭᔈεࡋᓸமל 15 kgf/cm2Ƕ 

物
種
鑑
定
及
結
構
分
析 

࣬ނᅿ᠘ۓ 
X Ӏᙅϩሺᢀჸ᠘ۓচϷ

ϐނᅿᡂϯ 
- 

༾ᢀ่ᄬ ᅲႝηᡉ༾᜔ᢀჸ၂ᡏ߄य़ᄬ - 

ϩη่ᄬ 
ഡҥယᙯඤआѦӀሺᢀჸϩηޑ

୷ҁ่ᄬ 
- 

-Ǻคݤೕྗ܈ೕጄाǶ
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ୖୖୖୖǵǵǵǵЬाวᆶ่ፕЬाวᆶ่ፕЬाวᆶ่ፕЬाวᆶ่ፕ 
ҁीฝЬाճҔ۟ා(Rock wool)ǵࣔ੧۟(Perlite) 2ᅿྕߥ

όࡴϐᏹբచҹΠǴхೌמނচǴӧόӕคᐒᆫӝࣁ

ӕ Si/Al ವԸКǵబуᏊ(ഏౠᠼᆢාǵᡂଯᔂβ)ǵᡵࢲϯᏊᅿᜪ

ϷᎦៈਔ໔Ǵჹᇙഢрϐคᐒᆫӝϐ܄ᡂϯቹៜǶԖᜢҁ

ीฝՉၸำ٬܌Ҕϐ၂ᡍ܄ၗǴаϷคᐒᆫӝᇙ

ഢచҹᆶ܄ϩ่݀Ǵஒ༼ϩॊܭаΠӚǶ 

ǵࣴز୷ҁ܄፦ϩ 

ҁЬाଞჹ၂ᡍǺ۟ාǵࣔ੧۟ϷబуᏊǺഏౠᠼ

ᆢාϷᡂଯᔂβǴՉނϯ܄ϩǴϩҞхࡴ pHॶǵΟ

ԋϩǵϯᏢಔԋǵTCLPᐚࡋǵಈ৩Ϸ XRD ࣬᠘ۓǴஒ

่݀ϩӵΠǺ 

()୷ҁ܄፦ϩ 

Ԗᜢ୷ҁ܄፦ϩϩǴࣁଞჹ၂ᡍϐ pHǵΟԋϩǵ

ϯᏢಔԋǵTCLPᐚࡋϐϩ่݀ՉᇥܴǶਥᏵ߄ 5ϐ၂ᡍ

ᡉҢǴ۟ාǵഏౠᠼᆢාϷᡂଯᔂβϐ่݀፦ϩ܄୷ҁ

pHॶϟܭύ܄Ǵϩձऊࣁ 7.11±0.08ǵ6.19±0.03Ϸ 5.67±0.10ǹ

Զࣔ੧۟ϐ pH ॶऊࣁ 10.24±0.02Ǵឦᡵ܄ϐނ፦ǶԶҗ၂ᡍ

ᡉҢǴ۟ාǵࣔ੧۟ǵഏౠᠼᆢාϷᡂ่݀Οԋϩϐϩ

ଯᔂβϐНϩ֖ໆǴϩձऊࣁ 0.06%±0.01%ǵ5.02%±0.11%ǵ

0.04%Ϸ 0.25%±0.02%ǹԪϩ֖ໆϩձऊࣁ 98.08%±0.09%ǵ

90.70%±0.10%ǵ96.15%±0.14%Ϸ 99.34%±0.08%Ǻёᐯϩ֖ໆ

ࣁϩձऊ߾ 1.86%ǵ4.28%ǵ3.81%Ϸ 0.40%Ƕ 

ාǵ۟ϩ׳Ϸ᎑֖ໆǴҁޖϐྕߥᕕှࣁ

ࣔ੧۟ǵഏౠᠼᆢාϷᡂଯᔂβϐϯᏢಔԋǶϩ่݀ᡉҢǴ
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۟ාЬाаޖǵ້ǵ᎑ǵᗔϐಔԋԋϩࣁЬǴ֖ځໆϩձࣁ

18.7%ǵ11.7%ǵ6.8%ǵ5.5%ǹࣔ੧۟ϐϯᏢಔԋаޖǵ᎑ǵ

ࣁໆϩձ֖ځЬǴࣁ໊ 30.4%ǵ4.5%ǵ4.3%ǹഏౠᠼᆢාǴа

ࣁЬǴ֖ໆϩձࣁ᎑ǵޖ 17%Ϸ 30%ǹᡂଯᔂβҭаޖǵ᎑

ࣁЬǴ֖ໆϩձࣁ 15.3%Ϸ 5.9%ǶԶ۟ාǵࣔ੧۟ǵഏౠᠼ

ᆢාϷᡂଯᔂβǴځ Si/Al ವԸКࣁ٩ׇ 2.63ǵ6.53ǵ

0.54Ϸ 2.48Ƕҗॊϩ่݀Ǵёჴ۟ාǵࣔ੧۟ǵഏౠᠼ

ᆢාϷᡂଯᔂβǴዴჴࣁ֖ޖǵ᎑ϡનǴёբࣁคᐒ

ᆫӝނᇙϷԋࠠزࣴೌמϐচǶ 

߄ 5 ၂ᡍϐ୷ҁ܄፦ϩ่݀ 

Items Rock wool Perlite Ceramic fiber Metakaolin 

pH (in H2O) 7.11±0.08 10.24±0.02 6.19±0.03 5.67±0.10 

Proximate Analysis (%) 

  Moisture content  0.06±0.01 5.02±0.11 0.04±0.00 0.25±0.02 

  Ash content 98.08±0.09 90.70±0.10 96.15±0.14 99.34±0.08 

 Combustible content 1.86 4.28 3.81 0.40 

Total metal concentration (mg/kg, d.b.) 

  Si 187,000±10,000 304,000±5,970 170,000±11,200 153,000±14,900 

  Al 68,400±2,340 44,700±2,980 300,000±71,400 59,300±12,000 

  Fe  30,700±973 5,020±268 2,320±87.4 4,130±200 

  K 11,100±264 23,300±587 N.D. 2,500±180 

  Mg 54,700±1,320 550±84.5 296±6.56 N.D. 

  Na 15,600±518 42,500±697 834±49.8 1,860±105 

 Ca 117,000±6,020 5,020±508 N.D. 87.8±10.8 

 Mn 1,100±38.0 308±16.7 N.D. N.D. 

Si/Al molar ratio 2.63 6.53 0.54 2.48 
ഢຏǺ1.ჴᡍϩኧᏵࣁՉ 3ख़ᙟϩϐѳ่֡݀Ƕ 

2.d.b.: dry basis (excludes all Moisture)Ƕ 
3.N.D.=Not detectedǶ 

Ԗᜢ၂ᡍϐ܄ࢥྋрำׇ(TCLP)ख़ߎឦྋрᐚࡋϩ
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߄)ᡉҢ่݀ 6)Ǵ۟ාǵࣔ੧۟ǵഏౠᠼᆢාϷᡂଯᔂβϐ

⃯ǵሐǵઈǵልǵᙿྋрໆ֡եܭୀෳཱུज़Ǵ۟ාϷࣔ੧۟ϐ

ႉϷᎋϐྋрໆҭեܭୀෳཱུज़Ǵഏౠᠼᆢාϐႉǵᎋྋрໆ

ϩձࣁ 0.17 mg/Lǵ0.21 mg/LǴᡂଯᔂβϐႉǵᎋྋрໆࣁ߾

N.D.Ϸ 0.83 mg/LǶԶ၂ᡍϐ᎕ྋрໆϩձऊࣁ 0.28 

mg/LǵN.D.ǵ0.10 mg/LϷ 0.51 mg/LǴᙻྋрໆ߾ϩձऊࣁ

0.19 mg/Lǵ0.46 mg/LǵN.D.Ϸ N.D.ǶᡏԶقǴҁ၂ᡍϐ

Ӛख़ߎឦ TCLPྋрᐚࡋǴ֡಄ӝՉϐݤೕྗǶ 

 

߄ 6 ၂ᡍϐ܄ࢥྋр၂ᡍϩ่݀ 

Items Rock wool Perlite 
Ceramic 

fiber 
Metakaolin 

Pb (mg/L) N.D. N.D. 0.17±0.02 N.D. 

Se (mg/L) N.D. N.D. N.D. N.D. 

Zn (mg/L) N.D. N.D. 0.21±0.04 0.83±0.25 

Cr (mg/L) N.D. N.D. N.D. N.D. 

As (mg/L) N.D. N.D. N.D. N.D. 

Cu (mg/L) N.D. N.D. N.D. N.D. 

Cd (mg/L) N.D. N.D. N.D. N.D. 

Ba (mg/L) 0.28±0.03 N.D. 0.10±0.09 0.51±0.10 

Ni (mg/L) 0.19±0.01 0.46±0.02 N.D. N.D. 
ഢຏǺ1.ჴᡍϩኧᏵࣁՉ 3ख़ᙟϩϐѳ่֡݀Ƕ 

2.N.D.=Not detected (Pb, Se, Cr, As, Cu, Cd, Baɦ0.01 mg/L)Ƕ 
3.ྋрྗ(mg/L)ǺPd=5.0ǹSe=1.0ǹCr=5.0ǹAs=5.0ǹCu=15.0ǹCd=1.0ǹBa=100Ƕ 

 

(Β)ಈ৩ϩթ 

ҁஒଞჹ၂ᡍՉಈ৩ϩǶҗ߄ 7ϐϩ่݀ᡉ

ҢǴ۟ාϷࣔ੧۟ಈ৩ϐനεख़ໆϩѲԭϩКǴ֡ࣁ 74 
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µm~105 µmǴख़ໆԭϩКϩձࣁ 36.81%Ϸ 32.95%Ǵځԛ߾ϩ

ձࣁ 53 µm~74 µm Ϸ 105 µm~149 µmǴख़ໆԭϩКϩձࣁ

17.92%Ϸ 19.34%ǶԶഏౠᠼᆢාϷᡂଯᔂβಈ৩ϐനεख़ໆ

ϩѲԭϩКǴ֡ ࣁ 149 µm~420 µmǴख़ໆԭϩКϩձࣁ 45.77%

Ϸ 84.52%Ǵځԛϩձࣁ 74 µm~105 µmϷ 105 µm~149 µmǴख़

ໆԭϩКϩձࣁ 17.95%ǵ16.04%Ϸ 9.03%ǵ2.69%ǶќѦǴҗ

კ 13၂ᡍϐϩթԔጕளޕǴ۟ාǵࣔ੧۟ǵഏౠᠼᆢා

Ϸᡂଯᔂβϐύॶಈ৩(D50)Ǵϩձࣁ 65.87 µmǵ76.30 µmǵ

139.97 µmϷ 197.74 µmǶԖᜢ၂ᡍ၁ಒϐಈ৩ಕᑈϩթ

Ǵӵ߄ 8Ϸკ  ҢǶ܌13

 

߄ 7 ၂ᡍಈ৩ϐख़ໆϩթКٯ 

Mesh number 
Particles 

size 
(µm) 

Distribution (wt.%) 

Rock wool Perlite 
Ceramic 

fiber 
Metakaolin 

Ⱦ400 ɦ37 12.57 2.25 0.13 0.04 

Ⱦ350~Ⱦ400 37~40 7.45 10.40 1.08 0.02 

Ⱦ270~Ⱦ350 40~53 8.70 7.79 3.38 0.10 

Ⱦ200~Ⱦ270 53~74 17.92 13.34 7.65 0.16 

Ⱦ140~Ⱦ200 74~105 36.81 32.95 17.95 2.69 

Ⱦ100~Ⱦ140 105~149 7.79 19.34 16.04 9.03 

Ⱦ40~Ⱦ100 149~420 8.53 13.26 45.77 84.52 

Ⱦ40 ɧ420 0.23 0.67 8.00 3.44 
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 Rock wool-Distribution
 Perlite-Distribution
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 C
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n 
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)

 

 Rock wool- Cumulative Distribution
 Perlite- Cumulative Distribution
 Ceramic fiber- Cumulative Distribution
 Metakaolin- Cumulative Distribution

 

კ 13 ၂ᡍϐಈ৩ख़ໆϩթᆶಕᑈಈ৩ϩթԔጕკ 

 

(Ο)ނᅿ᠘ۓϷ༾ᢀ่ᄬϩ 

ճҔزᅿᅿᜪǴࣴނϐ၂ᡍࣁ X Ӏᙅϩ

ሺ(XRD)Չ่ځ࣬ނᅿ᠘ۓǴҗკ 14 ่݀ёޕǴ۟ාǵࣔ੧

۟ᆶഏౠᠼᆢාࣣނࣁᅿ࣬όܴᡉǴឦߚܭ፦่ᄬǴჹܭคᐒ

ᆫӝϸᔈڀԖଯ܄ࢲϷܰϸᔈ܄ǶԶᡂଯᔂβϐЬा่ނᅿࣁΒ

਼ϯޖǶ 

ќճҔඔԄႝηᡉ༾᜔(SEM)ᢀჸ၂ᡍϐ༾ᢀ่ᄬ(კ

15)Ǵёว۟ාᆶഏౠᠼᆢාϐᗭಈ߄य़Ǵ֡ևచރǴԶࣔ੧

۟ාᆶᡂଯᔂβϐᗭಈ߄य़Ǵ߾ևόೕ߾ϐރǶ 
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კ 14 ၂ᡍϐ࣬ނᅿ᠘ۓϩ่݀ 

 
(A)۟ා 

 
(B)ࣔ੧۟ා 

 
(C)ഏౠᠼᆢා 

 
(D)ᡂଯᔂβ 

კ 15 ၂ᡍϐ༾ᢀ่ᄬϩ่݀ 
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Βǵคᐒᆫӝނϐ܄ϩ่݀ 

ҁЬाଞჹคᐒᆫӝނՉނϯ܄ϩǴځύ၂ᡍ

ҞЬाࣁԾҗНǵऐО܄ǵלᓸமࡋǵᛅᘠǵऐН܄ǵऐং

ᇙഢϐคᐒᆫӝزǶฅԵໆҁࣴϩ܄ǵऐ܄ǵऐᒟ܄

Ϸऐ܄ϐऐОނϯᡏǴӢԜǴஒόଞჹคᐒᆫӝڰ܄คᐒࣁނ

܄Չ၂ᡍǴЪ၂ᡏܭᎦៈය໔٠คԾҗНǴҭόଞჹԾҗ

Н၂ᡍՉᇥܴǴԜѦǴऐᒟ܄၂ᡍǴςஒ၂ᡏଌԿਡࣴ܌

Ӽ௨ϩǴ୷ܭਔำǴҽऐᒟ၂ᡍҞҭคݤᇥܴǶаΠ

ϩձჹܭЬाϩҞϩӵΠǺ 

()۟ාᇙࣁคᐒᆫӝނϐ܄ϩ่݀ 

۟ාа 4 MᐚࡋϐNaOHϷ KOHբࣁᡵࢲ܄ϯᏊᇙࣁ

คᐒᆫӝނ，่݀ᡉҢᇙਔ໔ࣁڋ 1λਔ，לځᓸமࡋᒿ

Ꭶៈਔ໔ቚуԶቚуǴа NaOH җᎦࡋϐமނᆫӝځǴٯࣁ

ៈಃ 7Ϻϐ 38 kgf/cm2ቚуԿᎦៈಃ 28Ϻϐ 75 kgf/cm2Ƕऩׯ

а KOH ҭԖܴᡉቚуϐᖿ༈Ǵࡋᓸமלځ߾，ϯᏊࢲ܄ᡵࣁ

җᎦៈಃ 7 Ϻϐ 191 kgf/cm2 ቚуԿᎦៈಃ 28 Ϻϐ 280 

kgf/cm2(ӵკ 16 ࣁᡂᇙਔ໔ׯҢ)Ƕ܌ 6 λਔǴ၂

ᇙਔ໔ቚуჹคᐒᆫӝނமࡋ܄ϐቹៜǴࣴ ᡉ่݀ز

ҢǴа NaOH คᐒᆫځ，ᇙਔ໔ቚу，ٯࣁϯᏊࢲ܄ᡵࣁ

ӝނϐம٠ࡋคܴᡉϐቚу，ځᎦៈಃ 7Ϻϐ၂ᡏமࡋᗨ಄ӝ

ೕጄा，ฅऊࣁ 24 kgf/cm2，Ъ၂ᡏ߄य़ܴᡉԖқᗩౢғ

(ӵკ 17 Ϸკ 18)Ƕុࡕჴᡍబу 0.5%ϐᕗለΒణ᎑Չፓ

፦，όׯ๓คᐒᆫӝނ၂ᡏ߄य़ϐқᗩୢᚒ，ӕਔלᓸமࡋ

ҭܴᡉቚу，җᎦៈಃ 7Ϻϐ 108 kgf/cm2ቚуԿᎦៈಃ 28Ϻ
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ϐ 173 kgf/cm2(ӵკ  Ң)Ƕ܌19

Կܭа KOH ϯᏊϐ၂ᡍ่݀ᡉҢǴᇙϐคᐒࢲ܄ᡵࣁ

ᆫӝނᎦៈಃ 7 ϺਔǴלځᓸமࡋςёၲډ 136 kgf/cm2Ǵ

ᎦៈԿಃ 28ϺਔǴלᓸமࡋёቚуԿ 193 kgf/cm2Ƕុࡕ၂ᡍ

ӆа 0.5%ϐᕗለΒణ᎑Չፓ፦Ǵځคᐒᆫӝނ၂ᡏϐமࡋ

٠คܴᡉϐቚуǴځऊவᎦៈಃ 7 Ϻϐ 145 kgf/cm2ቚуԿ

Ꭶៈಃ 28Ϻϐ 200 kgf/cm2(ӵკ ࢲ܄ǴᡵقҢ)ǶᡏԶ܌19

ϯᏊ KOH ჹ۟ාᇙࣁคᐒᆫӝނϐਏ݀ၨ٫Ǵబуፓ፦Ꮚ

Ԗշׯܭ๓ NaOHᇙϐคᐒᆫӝނமࡋǴฅჹගܹ KOH 

ᇙϐคᐒᆫӝނமࡋϐቹៜ߾ၨόᡉǶ 
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კ 16 ۟ාᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(ᇙਔ໔ 1 λਔ) 
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კ 17 ۟ාᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(ᇙਔ໔ 6 λਔ) 

 

 

კ 18 ۟ාᇙࣁคᐒᆫӝނϐѦᢀკ(4M NaOHǵᇙਔ໔ 6λਔǵ

ᎦៈϺኧಃ 14Ϻ) 
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კ 19 ۟ාፓ፦ࡕϐคᐒᆫӝނϐלᓸமࡋᡂϯ(ᇙਔ໔ 6λਔ) 

 

ќБय़ǴॊᇙϐคᐒᆫӝނǴऐং܄ǵऐН܄Ϸ

ऐᒟ܄၂ᡍࡕǴלځᓸமࡋϝёᆢӧ 70 kgf/cm2 а(ӵ

߄ 8Կ߄ 10)ǴԜѦǴᛅᘠ၂ᡍϐਡᅿႃǵ⿉ǵ⥴ϐྋрࡰ

ኧࣣࣁ 8.85~8.89ϐ໔(ӵ߄ 11)Ǵ֡಄ӝྗೕጄϐाǶ 

კ20۟ࣁාᇙࣁคᐒᆫӝނᎦៈ28ϺϐЬा࣬ނ

ᅿϩǴ่݀ᡉҢ۟ාа 4M ᐚࡋϐ KOH բࣁᡵࢲ܄ϯᏊ

ᇙࣁคᐒᆫӝނǴځᇙਔ໔ࣁڋ 1λਔϷ 6λਔϐคᐒᆫ

ӝނǴЬाϐނᅿ֡ࣁБှҡ(CaCO3)Ƕќаඔႝηᡉ༾᜔

ᢀჸ۟ාᇙࣁคᐒᆫӝނϐ༾ᢀ่ᄬ(კ 21)Ǵёวόӕ

ᇙచҹ܌ᇙԋޑคᐒᆫӝނǴ߄ځय़֡ԖߏచރࢊϷόೕ߾

 ϐ༾ᢀ่ᄬǶރ

ճҔआѦጕӀሺ(FTIR)ϩǴᎦៈ 28 Ϻϐ۟

ාᇙޑคᐒᆫӝނǴ่݀ᡉҢǴόӕᡵࢲ܄ϯᏊ(NaOHǵ

KOH)Ϸόӕᇙਔ໔(1Ϸ 6λਔ)ϐคᐒᆫӝނǴ֡ ኧऊݢܭ
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ࣁ 3600cm-1~3100cm-1ǵ3650 cm-1~3590 cm-1ǵ3600 cm-1~3200 

cm-1ǵ1400 cm-1~1350 cm-1ǵ1410 cm-1~1260 cm-1 Ϸ 800 

cm-1~985 cm-1Ԗܴᡉϐ่Нǵ-OHϷ Si-HਁǶ 

 

 

߄ 8 ۟ාᇙࣁคᐒᆫӝܭނऐং၂ᡍࡕϐלᓸமࡋ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ᎑

Кٯ(%) 
ࡋᓸமל
(kgf/cm2) 

ࡋᓸமלၲ

ྗᆶց 

۟ා 

NaOH 
1 0 83 Ή 
қᗩ粘ߏ 0 6 қᗩ粘ߏ

6 0.5 73 Ή 

KOH 
1 0 144 Ή 
6 0 86 Ή 
6 0.5 105 Ή 

ຏǺלᓸமࡋྗॶǺ15 kgf/cm2Ƕ 

 

 

߄ 9 ۟ාᇙࣁคᐒᆫӝܭނऐН၂ᡍࡕϐלᓸமࡋ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ᎑

Кٯ(%) 
ࡋᓸமל
(kgf/cm2) 

ࡋᓸமלၲ

ྗᆶց 

۟ා 

NaOH 
1 0 96 Ή 
қᗩ粘ߏ қᗩߏ 0 6

6 0.5 208 Ή粘

KOH 
1 0 183 Ή粘

6 0 96 Ή粘

6 0.5 146 Ή粘
ຏǺלᓸமࡋྗॶǺ15 kgf/cm2Ƕ 
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߄ 10 ۟ාᇙࣁคᐒᆫӝܭނऐᒟ၂ᡍࡕϐלᓸமࡋ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ᎑

Кٯ(%) 
ࡋᓸமל
(kgf/cm2) 

ࡋᓸமלၲ

ྗᆶց 

۟ා 

NaOH 
1 0 132 Ή 
қᗩ粘ߏ қᗩߏ 0 6

6 0.5 -粘 -粘

KOH 
1 0 170 Ή粘

6 0 -粘 -粘

6 0.5 -粘 -粘
ຏǺ-߄Ӣਔ໔ӢનǴۘ҂ڗள่݀ǹלᓸமࡋྗॶǺ15 kgf/cm2 

 

 

߄ 11 ۟ාᇙࣁคᐒᆫӝނϐྋрࡰኧ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ

᎑Кٯ(%) 
ਡᅿ ྋрࡰኧ 

ၲྋрࡰኧ

ྗᆶց 

۟ා 

NaOH 

1 0 
ႃ 8.88 Ή粘

⿉ 8.88 Ή粘

⥴ 8.88 Ή粘

6 0 
ႃ ߏқᗩ ߏқᗩ粘

қᗩ粘ߏ қᗩߏ ⿉

қᗩ粘ߏ қᗩߏ ⥴

6 0.5 
ႃ 8.88 Ή粘

⿉ 8.88 Ή粘

⥴ 8.88 Ή粘

KOH 

1 0 
ႃ 8.89 Ή粘

⿉ 8.89 Ή粘

⥴ 8.89 Ή粘

6 0 
ႃ 8.85 Ή粘

⿉ 8.85 Ή粘

⥴ 8.85 Ή粘

6 0.5 
ႃ 8.88 Ή粘

⿉ 8.88 Ή粘

⥴ 8.88 Ή粘
ຏǺᛅᘠྋрࡰኧྗॶǺ6 
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Rock wool, 4M KOH, 6hr extractionC: Calcite (CaCO
3
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Rock wool, 4M KOH, 0.5wt.% APM, 6hr extraction

კ 20 ۟ාᇙࣁคᐒᆫӝނϐ࣬ނᅿ᠘ۓϩ่݀ 
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(A) 4M NaOHǵڗ 1λਔ 

 

(B) 4M NaOHǵ0.5wt.%ᕗለΒణ

᎑ǵڗ 6λਔ 

 

(C) 4M KOHǵڗ 1λਔ 

 

(D) 4M KOHǵڗ 6λਔ 

 

(E) 4M KOHǵ0.5wt.%ᕗለΒణ᎑ǵڗ 6λਔ 

კ 21 ۟ාᇙࣁคᐒᆫӝނϐ༾ᢀ่ᄬϩ่݀ 
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Rock wool, 4M NaOH, 6hr extraction, 0.5 wt. % APM

 

 

 

Rock wool, 4M KOH, 6hr extraction, 0.5 wt. % APM

 

 

Rock wool, 4M KOH, 1hr extraction

 

კ 22 ۟ාᇙࣁคᐒᆫӝނϐૈ۔୷ϩ่݀ 

 

(Β)ࣔ੧۟ාᇙࣁคᐒᆫӝނϐ܄ϩ่݀ 

ࣔ੧۟ාа 4M ᐚࡋϐ NaOHϷ KOH բࣁᡵࢲ܄ϯᏊϐ

ǴҭջނคᐒᆫӝࣁԖਏᇙݤᡉҢǴࣔ੧۟ා֡ค่݀زࣴ

ࣔ੧۟ාၸፓ፦ࡕǴБૈၲុࡕډคᐒᆫӝނϐᔈ

ҔǶࣴ ϯᏊБԄࢲ܄ᡂᡵׯϷٯၸำ၂ճҔόӕబуКز

ՉǴ่݀ᡉҢஒ 50%ࣔ ੧۟ාᆶ 50%ഏౠᠼᆢාӅӕ

ᇙ 1 λਔǴа NaOH คᐒᆫӝځϯᏊϐచҹΠǴࢲ܄ᡵࣁ

җᎦៈಃࡋᓸமל၂ᡏϐނ 7Ϻϐ 4 kgf/cm2ቚуԿᎦៈಃ 28

Ϻϐ 30 kgf/cm2Ƕऩׯа KOH բࣁᡵࢲ܄ϯᏊǴځคᐒᆫӝ

ኧጄൎݢ

(cm-1) 

жૈ۔߄୷ 

3600-3100 Crystal water 

3650-3590 Free H on OH group 

3600-3200 H-bridge on OH group 

1400-1350 broad, asymmetrically 

NO3 stretching 

vibration 

1410-1260 -OH 

800-985 Si-H deformation 

vibration (generell) 
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җᎦៈಃࡋᓸமל၂ᡏϐނ 7Ϻϐ 5 kgf/cm2ቚуԿᎦៈಃ 28

Ϻϐ 15 kgf/cm2(ӵკ  Ң)Ƕ܌23

Ǵ၂ஒࡋϐமނॊคᐒᆫӝගܹࣁ 50%

۟ාǵ30%ࣔ ੧۟ාᆶ 20%ഏౠᠼᆢාӅӕᇙ 1 λਔǴа

NaOHࣁᡵࢲ܄ϯᏊϐచҹΠǴځคᐒᆫӝނ၂ᡏϐלᓸமࡋ

җᎦៈಃ 7Ϻϐ 4 kgf/cm2ቚуԿᎦៈಃ 28Ϻϐ 16 kgf/cm2Ƕ

ऩׯа KOH բࣁᡵࢲ܄ϯᏊǴځคᐒᆫӝނ၂ᡏϐלᓸமࡋ

җᎦៈಃ7Ϻϐ10 kgf/cm2ቚуԿᎦៈಃ28Ϻϐ18 kgf/cm2(ӵ

კ  Ң)Ƕ܌24

ԜѦǴ၂а 50%ࣔ ੧۟ාᆶ 50%ᡂଯᔂβӅӕᇙ 6

λਔǴа NaOH ၂ᡏނคᐒᆫӝځϯᏊϐచҹΠǴࢲ܄ᡵࣁ

ϐלᓸமࡋҗᎦៈಃ 7Ϻϐ 9 kgf/cm2ቚуԿᎦៈಃ 28Ϻϐ 15 

kgf/cm2Ƕऩׯа KOH բࣁᡵࢲ܄ϯᏊǴځคᐒᆫӝނ၂ᡏϐ

җᎦៈಃࡋᓸமל 7Ϻϐ 10 kgf/cm2ቚуԿᎦៈಃ 28Ϻϐ 12 

kgf/cm2(ӵკ 25 ǴճҔࣔ੧۟ޕё่݀زॊࣴҢ)ǶਥᏵ܌

ාᆶഏౠᠼᆢාࣔ܈੧۟ාᆶᡂଯᔂβՉፓ፦Ǵלځᓸமࡋ

 ϐྗೕጄǶࡋᓸமלம಄ӝࠀ
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Perlite : Ceramic fiber = 5:5 (Si/Al=1.32)
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კ 23 ࣔ੧۟ාǺഏౠᠼᆢා(5Ǻ5)ᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(

ᇙਔ໔ 1 λਔ) 
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Rock : Perlite : Ceramic fiber = 5 : 3 : 2 (Si/Al=1.95)
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კ 24 ۟ාǺࣔ੧۟ාǺഏౠᠼᆢා(5Ǻ3Ǻ2)ᇙࣁคᐒᆫӝނϐל

ᓸமࡋᡂϯ(ᇙਔ໔ 1λਔ) 
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Perlite : Metakaolin = 5:5 (Si/Al=4.22)
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კ 25 ࣔ੧۟ාǺᡂଯᔂβ(5Ǻ5)ᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(

ᇙਔ໔ 6 λਔ) 

 

Ǵࡋᓸமלϐ၂ᡏނගܹࣔ੧۟ාᇙԋคᐒᆫӝࣁ

а 50%۟ ාᆶ 50%ࣔ ੧۟ාӅӕᇙ，ځӧᇙਔ໔ 1 λ

ਔϐచҹΠ，คᐒᆫӝނ၂ᡏϐלᓸமࡋςԖܴᡉቚу，ځύ

а NaOHࣁᡵࢲ܄ϯᏊచҹځ，ٯࣁᆫӝނϐமࡋҗᎦៈಃ 7

Ϻϐ 5 kgf/cm2ቚуԿᎦៈಃ 28 Ϻϐ 26 kgf/cm2(ӵკ 26 ܌

Ң)Ƕ่݀߃ёޕ，ࣔ੧۟ා߃ᆶ۟ාፓ፦ࡕ，ςёၲ

 ाǶࡋᓸமלϐނคᐒᆫӝډ

၂ᡍஒᇙਔ໔ቚ，ࡋϐமނॊคᐒᆫӝගܹࣁ

уࣁ 6λਔǴϩ่݀ᡉҢ，ᇙഢϐคᐒᆫӝނமࡋǴ֡ᒿ

ᇙਔ໔ቚуԶቚу，ځύа NaOH (4M)ٯࣁǴځคᐒᆫӝނ

၂ᡏϐமࡋ，җᎦៈಃ 7 Ϻϐ 60 kgf/cm2ቚуԿᎦៈಃ 28Ϻ

ϐ 129 kgf/cm2(ӵკ аׯҢ)Ƕऩ܌27 KOH բࣁᡵࢲ܄ϯᏊ，

ྗډϝёၲࡋமځԖफ़եϐᖿ༈，ՠัࡋᓸமל၂ᡏϐځ߾
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ೕጄϐा，җᎦៈಃ 7 Ϻϐ 41 kgf/cm2ቚуԿᎦៈಃ 28Ϻ

ϐ 56 kgf/cm2ǶԜѦ，బу 0.5%ϐᕗለΒణ᎑Չፓ፦，ځჹ

ऊவᎦៈځ，٠คᡉϐቹៜ，ࡋ၂ᡏϐமނॊคᐒᆫӝ

ಃ 7Ϻϐ 22 kgf/cm2ቚуԿᎦៈಃ 28Ϻϐ 46 kgf/cm2(ӵკ 28

ճҔ۟ාᆶࣔ੧۟ාՉፓ，ޕё่݀زॊࣴҢ)ǶਥᏵ܌

፦ࡕ，а NaOH (4M)ࣁᡵࢲ܄ϯᏊϷڋᇙਔ໔ࣁ 6 λਔ

ϐచҹΠ，ځᇙϐคᐒᆫӝނமࡋǴςё಄ӝคᐒᆫӝނϐ

ྗೕጄाǶ 
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Rock wool : Perlite = 5:5 (Si/Al=4.17)
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კ 26 ۟ාǺࣔ੧۟ා(5Ǻ5)ᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(ᇙਔ

໔ 1λਔ) 
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Rock wool : Perlite = 5:5 (Si/Al=4.17)
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კ 27 ۟ාǺࣔ੧۟ා(5Ǻ5)ᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(ᇙਔ

໔ 6λਔ) 
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Rock wool : Perlite = 5:5 (Si/Al=4.17)
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კ 28 ۟ාǺࣔ੧۟ා(5Ǻ5)ፓ፦ࡕᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ

(ᇙਔ໔ 6λਔ) 

 

ќБय़Ǵ50%۟ ාᆶ 50%ࣔ ੧۟ාǴа NaOHϷ KOH

ϯᏊǵᇙਔ໔ࢲ܄ᡵࣁ 6λਔϐคᐒᆫӝނǴऐং܄Ϸऐ
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Н܄၂ᡍࡕǴלځᓸமࡋϝёᆢӧ 40 kgf/cm2а(ӵ߄ 12

Ϸ߄ 13)ǴԜѦǴᛅᘠ၂ᡍϐਡᅿႃǵ⿉ǵ⥴ϐྋрࡰኧࣣ

ࣁ 8.81~8.89ϐ໔(ӵ߄ 15)Ǵ֡಄ӝྗೕጄϐाǶ 

კ29ࣔࣁ੧۟ාᇙࣁคᐒᆫӝނᎦៈ28ϺϐЬा

Ǵ่݀ᡉҢᅿϩނ࣬ 50%۟ ාᆶ 50%ࣔ ੧۟ාǴа 4M ᐚࡋ

ϐ NaOHϷ KOH բࣁᡵࢲ܄ϯᏊᇙࣁคᐒᆫӝނǴځᇙ

ਔ໔ࣁڋ 6 λਔϐคᐒᆫӝނǴЬाϐނᅿ֡ࣁБှҡ

(CaCO3)Ƕќаඔႝηᡉ༾᜔ᢀჸ 50%۟ ාᆶ 50%ࣔ ੧۟ා

ᇙࣁคᐒᆫӝނϐ༾ᢀ่ᄬ(კ 30)Ǵёวόӕᡵࢲ܄ϯᏊ

Ϸόӕᇙਔ໔Ǵ܌ᇙԋޑคᐒᆫӝނǴ߄ځय़֡Ԗߏచރࢊ

Ϸόೕރ߾ϐ༾ᢀ่ᄬǴฅᆶ۟ාᇙࣁคᐒᆫӝ࣬ނКǴ

 ϐ༾ᢀ่ᄬၨϿǶރࢊచߏځ

ճҔआѦጕӀሺ(FTIR)ϩǴᎦៈ28Ϻϐ50%

۟ාᆶ 50%ࣔ ੧۟ාᇙޑคᐒᆫӝނǴ่݀ᡉҢǴόӕᡵ

ϯᏊ(NaOHǵKOH)Ϸόӕᇙਔ໔(1Ϸࢲ܄ 6λਔ)ϐคᐒᆫ

ӝނǴ֡ݢܭኧऊࣁ 3600cm-1~3100cm-1ǵ3650 cm-1~3590 

cm-1ǵ 3600 cm-1~3200 cm-1ǵ 1400 cm-1~1350 cm-1ǵ 1410 

cm-1~1260 cm-1Ϸ 800 cm-1~985 cm-1Ԗܴᡉϐ่Нǵ-OHϷ

Si-HਁǶ 
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߄ 12 ࣔ੧۟ාᇙࣁคᐒᆫӝܭނऐং၂ᡍࡕϐלᓸமࡋ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ᎑ 
Кٯ(%) 

ࡋᓸமל
(kgf/cm2) 

ࡋᓸமלၲ

ྗᆶց 

ࣔ੧۟ාǺഏ

ౠᠼᆢා

=5Ǻ5 

NaOH 1 0 14 ×粘

KOH 1 0 คϩ คϩ粘

۟ාǺࣔ੧۟

ාǺഏౠᠼᆢ

ා=5Ǻ3Ǻ2 

NaOH 1 0 15 Ή 

KOH 1 0 22 Ή 

ࣔ੧۟ාǺᡂ

ଯᔂβ=5Ǻ5 
NaOH 6 0 14 × 
KOH 6 0 8 × 

۟ාǺࣔ੧۟

ා=5Ǻ5 

NaOH 
1 0 22 Ή 
6 0 72 Ή 
6 0.5 59 Ή 

KOH 
1 0 16 Ή 
6 0 43 Ή 
6 0.5 64 Ή 

ຏǺלᓸமࡋྗॶǺ15 kgf/cm2 
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߄ 13 ࣔ੧۟ාᇙࣁคᐒᆫӝܭނऐН၂ᡍࡕϐלᓸமࡋ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ᎑ 
Кٯ(%) 

ࡋᓸமל
(kgf/cm2) 

ࡋᓸமלၲ

ྗᆶց 

ࣔ੧۟ාǺഏ

ౠᠼᆢා

=5Ǻ5 

NaOH 1 0 7 ×粘

KOH 1 0 คϩ คϩ粘

۟ාǺࣔ੧۟

ාǺഏౠᠼᆢ

ා=5Ǻ3Ǻ2 

NaOH 1 0 6 × 

KOH 1 0 19 Ή 

ࣔ੧۟ාǺᡂ

ଯᔂβ=5Ǻ5 
NaOH 6 0 7 ×粘

KOH 6 0 8 ×粘

۟ාǺࣔ੧۟

ා=5Ǻ5 

NaOH 
1 0 7 × 
6 0 48 Ή粘

6 0.5 25 Ή粘

KOH 
1 0 10 × 
6 0 46 Ή粘

6 0.5 39 Ή粘
ຏǺלᓸமࡋྗॶǺ15 kgf/cm2 
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߄ 14 ࣔ੧۟ාᇙࣁคᐒᆫӝܭނऐᒟ၂ᡍࡕϐלᓸமࡋ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ᎑ 
Кٯ(%) 

ࡋᓸமל
(kgf/cm2) 

ࡋᓸமלၲ

ྗᆶց 

ࣔ੧۟ාǺഏ

ౠᠼᆢා

=5Ǻ5 

NaOH 1 0 32 Ή粘

KOH 1 0 คϩ คϩ粘

۟ාǺࣔ੧۟

ාǺഏౠᠼᆢ

ා=5Ǻ3Ǻ2 

NaOH 1 0 22 Ή 

KOH 1 0 23 Ή 

ࣔ੧۟ාǺᡂ

ଯᔂβ=5Ǻ5 
NaOH 6 0 -粘 -粘

KOH 6 0 -粘 -粘

۟ාǺࣔ੧۟

ා=5Ǻ5 

NaOH 
1 0 25 Ή 
6 0 -粘 -粘

6 0.5 -粘 -粘

KOH 
1 0 15 Ή 
6 0 -粘 -粘

6 0.5 -粘 -粘
ຏǺ-߄Ӣਔ໔ӢનǴۘ҂ڗள่݀ǹלᓸமࡋྗॶǺ15 kgf/cm2 
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߄ 15 ࣔ੧۟ාᇙࣁคᐒᆫӝނϐྋрࡰኧ 

၂ᡍచҹ ᡵࢲϯᏊ
(4M) 

ᇙਔ໔
(hr) 

ᕗለΒణ᎑

Кٯ(%) 
ਡᅿ ྋрࡰኧ 

ၲྋрࡰኧ

ྗᆶց 

ࣔ੧۟ාǺഏ

ౠᠼᆢා=5Ǻ5 

NaOH 1 0 
ႃ 8.88 Ή粘

⿉ 8.88 Ή粘

⥴ 8.88 Ή粘

KOH 1 0 
ႃ คϩ คϩ粘

⿉ คϩ คϩ粘

⥴ คϩ คϩ粘

۟ාǺࣔ੧۟

ාǺഏౠᠼᆢ

ා=5Ǻ3Ǻ2 

NaOH 1 0 
ႃ 8.88 Ή粘

⿉ 8.88 Ή粘

⥴ 8.88 Ή粘

KOH 1 0 
ႃ 8.87 Ή粘

⿉ 8.87 Ή粘

⥴ 8.87 Ή粘

ࣔ੧۟ාǺᡂ

ଯᔂβ=5Ǻ5 

NaOH 6 0 
ႃ 8.84 Ή粘

⿉ 8.84 Ή粘

⥴ 8.84 Ή粘

KOH 6 0 
ႃ 8.83 Ή粘

⿉ 8.83 Ή粘

⥴ 8.83 Ή粘

۟ාǺࣔ੧۟

ා=5Ǻ5 

NaOH 

1 0 
ႃ 8.88 Ή粘

⿉ 8.88 Ή粘

⥴ 8.88 Ή粘

6 0 
ႃ 8.81 Ή粘

⿉ 8.81 Ή粘

⥴ 8.81 Ή粘

6 0.5 
ႃ 8.87 Ή粘

⿉ 8.87 Ή粘

⥴ 8.87 Ή粘

KOH 

1 0 
ႃ 8.89 Ή粘

⿉ 8.89 Ή粘

⥴ 8.89 Ή粘

6 0 
ႃ 8.84 Ή粘

⿉ 8.84 Ή粘

⥴ 8.84 Ή粘

6 0.5 
ႃ 8.88 Ή粘

⿉ 8.88 Ή粘

⥴ 8.88 Ή粘
ຏǺᛅᘠྋрࡰኧྗॶǺ6 
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Rock wool:Perlite = 5:5, 4M NaOH, 1hr extraction

 

Rock wool:Perlite = 5:5, 4M NaOH, 6hr extraction

 

Rock wool:Perlite = 5:5, 4M NaOH, 0.5wt.% APM, 6hr extraction

 

Rock wool:Perlite = 5:5, 4M KOH, 1hr extraction
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Rock wool:Perlite = 5:5, 4M KOH, 6hr extraction

 

 

Rock wool:Perlite = 5:5, 4M KOH, 0.5wt.% APM, 6hr extraction

 

კ 29 ۟ාǺࣔ੧۟ා(5Ǻ5)ᇙࣁคᐒᆫӝނϐ࣬ނᅿ᠘ۓϩ

่݀ 
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(A) 4M NaOHǵڗ 1λਔ 

 

(B) 4M NaOHǵڗ 6λਔ 

 

(C) 4M NaOHǵ0.5wt.%ᕗለΒణ

᎑ǵڗ 6λਔ 

 

(D) 4M KOHǵڗ 1λਔ 

 

(E) 4M KOHǵڗ 6λਔ 

 

(F) 4M KOHǵ0.5wt.%ᕗለΒణ

᎑ǵڗ 6λਔ 

კ 30 ۟ාǺࣔ੧۟ා(5Ǻ5)ᇙࣁคᐒᆫӝނϐ༾ᢀ่ᄬϩ่݀ 
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Rock wool:Perlite 5:5, 4M NaOH, 6hr extraction, 0.5 wt. % APM

 

Rock wool:Perlite 5:5, 4M KOH, 1hr extraction
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Rock wool:Perlite 5:5, 4M NaOH, 6hr extraction 

Rock wool:Perlite 5:5, 4M KOH, 6hr extraction

Rock wool:Perlite 5:5, 4M NaOH, 1hr extraction

 

Rock wool:Perlite 5:5, 4M KOH, 6hr extraction, 0.5 wt. % APM

 

კ 31 ۟ාǺࣔ੧۟ා(5Ǻ5)ᇙࣁคᐒᆫӝނϐૈ۔୷ϩ่݀ 

 

 

ᘜયᡏϐࣴزԋ݀Ǵ࣬ᜢϐख़ा่ፕӵࡕǶ 

ᡵࢲ܄ϯᏊ KOH ჹ۟ාᇙࣁคᐒᆫӝނϐਏ݀ၨ٫Ǵబу

ፓ፦ᏊԖշׯܭ๓ NaOH ᇙϐคᐒᆫӝނமࡋǴฅჹගܹ KOH

ᇙϐคᐒᆫӝނமࡋϐቹៜ߾ၨόᡉǶќБय़Ǵॊᇙϐ

คᐒᆫӝނǴऐং܄ǵऐН܄Ϸऐᒟ܄၂ᡍࡕǴלځᓸமࡋϝ

ёᆢӧ 70 kgf/cm2аǴԜѦǴᛅᘠ၂ᡍϐྋрࡰኧࣁ 8.85~8.89

໔Ǵ֡಄ӝྗೕጄϐाǶਥᏵआѦጕӀሺ᠘่݀ۓёޕǴ

ॊᇙϐคᐒᆫӝނǴځЬाૈ۔୷Ԗ่Нǵ-OHϷ Si-HǶ 

ኧጄൎݢ

(cm-1) 

жૈ۔߄୷ 

3600-3100 Crystal water 

3650-3590 Free H on OH group 

3600-3200 H-bridge on OH group 

1400-1350 broad, asymmetrically 

NO3 stretching 

vibration 

1410-1260 -OH 

800-985 Si-H deformation 

vibration (generell) 
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ճҔ۟ාᆶࣔ੧۟ාՉፓ፦ࡕǴа NaOH (4M)ࣁᡵࢲ܄ϯᏊ

Ϸڋᇙਔ໔ࣁ 6 λਔϐచҹΠǴځᇙϐคᐒᆫӝނமࡋǴς

ё಄ӝคᐒᆫӝނϐྗೕጄाǶԜѦǴॊᇙഢϐคᐒᆫӝނ

ऐং܄ϷऐН܄၂ᡍࡕǴלځᓸமࡋϷྋрࡰኧ֡಄ӝྗೕጄ

ϐाǴၲុࡕډคᐒᆫӝނᔈҔϐҞޑǶќਥᏵआѦጕӀሺ᠘

Нǵ-OH่ࣁ୷ૈ۔ЬाځǴނॊᇙഢϐคᐒᆫӝǴޕё่݀ۓ

Ϸ Si-HǶᡏԶقǴҁࣴزԋ݀ςࡌ߃ҥቲకྕߥාᇙഢࣁคᐒ

ᆫӝނϐ܄Ǵᔈёբ࣬ុࡕࣁᜢቲకނೀϷคᐒᆫӝ

 ᔈҔᆶวϐୖԵǶೌמ
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