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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा 

ҁࣴزճҔ๧ᇙϷԋೌמ׎Ǵ௖૸ׯᡂόӕϐፓ፦Ꮚᅿᜪ、

ᄞషКٯǵᡵࢲ܄ϯᏊᅿᜪϷ๧ᇙਔ໔฻ᏹբచҹǴຑ՗ቲకߥ

ྕාᇙഢࣁคᐒᆫӝނϐ׷਑੝܄ϷځёՉ܄ǶࣴزЬाଞჹ൤

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

NaOHϷ KOH ຾Չᡵࢲ܄ϯբҔǴӕਔၲࣁคᐒᆫӝނϐமࡋा

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

ϷᕗለΒణ᎑բࣁፓ፦ᏊǴ٠ϩձ௓ڋ๧ᇙਔ໔ࣁ 1 λਔϷ 6 λ

ਔǶ่ࣴ݀زᡉҢ，а۟ා๧ᇙࣁคᐒᆫӝٯࣁނ，όፕ၂ᡍၸ

ำ௦ҔՖᅿᡵࢲ܄ϯᏊᅿᜪϷ๧ᇙਔ໔Ǵ࿶ 28ϺᎦៈਔ໔ځ，ࡕ

ଯၲ֡ࡋᓸமל 75 kgf/cm2а΢，ӕਔ࿶ऐং܄ϷऐН܄၂ᡍࡕ，

ӧ࡭ϝёᆢࡋᓸமלځ 70 kgf/cm2 а΢，ԜѦ，ᛅᘠ౗၂ᡍϐྋ

рࡰኧࣁ 8.85~8.89໔，ҭ಄ӝ኱ྗೕጄॶǶԿࣔܭ੧۟ා๧ᇙࣁ

คᐒᆫӝނϐ၂ᡍ่݀ᡉҢ，ࣔ੧۟ා໪࿶ၸ፾྽ፓ፦ࡕ，Бૈ

ύа۟ාబуځϐᔈҔǴނคᐒᆫӝډၲ 50%Ϸ๧ᇙਔ໔ 6 λਔ

ϐచҹΠǴᇙഢϐคᐒᆫӝނёၲלډᓸமࡋϐा؃ǴԿܭᡵ܄

а߾ϐቹៜǴࡋமނϯᏊჹᆫӝࢲ NaOH (4M)๧ᇙϐคᐒᆫӝ

Ǵ࿶ނ 28ϺᎦៈࡕϐלᓸமࡋၨଯǴऊၲ 72 kgf/cm2Ƕុࡕ࿶ऐ

ং܄ϷऐН܄၂ᡍלځ，ࡕᓸமࡋϷྋрࡰኧ֡಄ӝ኱ྗೕጄ

ॶǶ᏾ᡏԶقǴҁࣴزԋ݀ςࡌ؁߃ҥቲకྕߥාᇙഢࣁคᐒᆫ
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ӝނϐ׷਑੝܄ϩ݋，ᔈёբ࣬ុࡕࣁᜢቲకނೀ౛Ϸคᐒᆫӝ

 ᔈҔᆶว৖ϐୖԵǶೌמ਑׷
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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 

୯ϣ൤֖ޖǵ᎑ϐคᐒቲకྍٰނᅿᜪϷኧໆᕷӭǴ܄፦ፄ

ᚇЪᡂϯৡ౦εǴόӕౢྍ٣཰़܌ғрϐԖᐒ܈คᐒԦݝǵԪ

෦ǵቲక׷ྕߥ਑ࢂ܈౧ᔵమఫϐۭݝ฻ቲకނǴុࡕځϐೀ౛ǵ

ೀ࿼܈ၗྍӆճҔϐೌמೕჄᆶᔈҔ೼৩Ǵڙज़ܭᅿᜪᆶ੝܄ϐ

ৡ౦ԶԖ܌όӕǴठ߈٬ԃٰԖᜢ൤֖ޖǵ᎑ϐคᐒቲకނό྽

ೀ࿼ϐୢᚒଽԖวғǶԜѦǴၸѐ൤֖ޖǵ᎑ϐคᐒቲకނϐೀ

౛س಍ೕჄǴεӭڙज़٬ܭҔൂ΋ೀ౛ำׇೌמ܈ǴၨคݤԖਏ

ঋ៝ၲԋᕉნ(Environment)ǵ࿶ᔮ(Economic)Ϸૈྍ(Energy)฻Ӛ

य़ӛϐόӕा؃Ǵठ٬൤֖ޖǵ᎑ϐคᐒቲకނϐೀ౛ុ҉܈ճ

Ҕ܄ϝԖࡑуமǶࣁԖਏၲԋ൤֖ޖǵ᎑ϐคᐒቲకނϐ᏾ӝ܄

ೀ౛܈ၗྍϯೌמೕჄǴаၲុ҉ځډճҔҞޑǴ߈ԃٰ୯ሞ໔

εӭරӛճҔ౜Չೌמว৖рന٫ёՉϐᔈҔೌמǵ໒วബཥϷ

ཥᑉϐೀ౛܈ၗྍϯೌמǴаϷೕჄեૈྍፂᔐϐೀ౛ೌמ฻Б

ӛ๱Ћ຾ՉǴаයԖਏ௢ቶ҉ុճҔೌמǴ٠ගܹೌמϐᔈҔჴ

ᕮǶ 

Ԗ᠘ܭ൤֖ޖǵ᎑ϐคᐒቲకុ҉ނճҔϐ᏾ӝೕჄཷۺǴ

ᔈҔ࣬ᜢቲకၗڗ׷жচނ਑Ǵ຾ՉᆘՅ׷਑ࣴೌמวᆶᔈҔϐ

࣬ᜢࣴزǴςࢂ୯ϣѦ߈ԃٰᑈཱུࣴزᆶว৖ϐᕉߥ᝼ᚒǴځύ

ঋڀԖ্ނ፦ۓڰϯբҔϐคᐒᆫӝނ(geopolymer)ೌמϷ׷ځ

਑ᆶӭϡϯᔈҔว৖Ǵ೴ᅌ۔ౢډڙᏢࣴӚࣚϐख़ຎǶคᐒᆫӝ

ނځܭ਑Ǵҗ׷ឦጤᏉߎߚ΋ᅿཥࠠคᐒޑԃٰᑈཱུว৖߈ࢂނ

ϯ܄፦ᓬܭද೯ݢ੝ើНݝǴڀԖଯלᓸமࡋ(high compressive 

strength)ǵեԏᕭ౗(low shrinkage)ǵё௓זڋೲ܈ᄌೲᏉ่(fast or 
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low setting)ǵלለ܄(acid resistance)ǵऐО(fire resistance)Ϸե዗໺

Ꮴ(low thermal conductivity)฻੝ᗺǴЪځᇙำե઻ૈǵեԦނࢉ௨

 ਑Ƕ׷ᆘՅࣁຎݱςቶࢤ฻੝ᗺǴ౜໘׷ǴϷёճҔቲకၗܫ

Եໆ୯ϣҡϯǵᒳ៓ǵႝΚ฻ౢ཰ౢрϐቲక׷ྕߥ਑Ǵ౜

໘ࢤЬाа௝শБԄ຾Չೀ౛ೀ࿼ǴԶቲక׷ྕߥ਑ϐ܄፦ጲ

᚞Ǵ܌՞௝শ৒ᑈၨεЪೀ౛຤ҔଯǴҁीฝᔕೕჄ຾Չ࣬ᜢค

ᐒᆫӝೌמނ໒วᆶᔈҔϐࣴز௖૸Ǵ؁߃ೕჄᒧۓϐ၂ᡍ׷਑

ᅿᜪǴЬाх۟ࡴාǵࣔ੧۟ǵഏౠᠼᆢා฻൤֖ޖǵ᎑୷ϐቲ

క׷ྕߥ਑Ǵբࣁҁԃࡋคᐒᆫӝೌמނ໒วᆶᔈҔϐࣴز௖૸

ჹຝǶीฝ୺Չၸำନଞჹ࣬ᜢ၂ᡍϐቲక׷ྕߥ਑Ǵ຾Չ୷ҁ

੝܄ၗ਑ϐࡌҥᆶຑ՗ѦǴӕਔஒଞჹځϣ֖ϐϯᏢԋϩ຾Չፓ

፦ᆶคᐒᆫӝ၂ᡍǴаයࡌҥᆶຑ՗ঁձೀ౛܈Ӆӕೀ౛ϐന٫

ёՉᏹբచҹǶ᏾ᡏԶقǴҁीฝ߻ډၲࣁॊ၂ᡍϐቲక׷ྕߥ

਑ᙯඤࣁคᐒᆫӝ׷਑ᔈҔǴаϷ࿯ૈ෧ᅹਏ੻ϐၗྍϯᔈҔ฻

Ҟ኱ǶԶԖᜢҁीฝ୺Չख़ᗺϷࢎᄬǴᘜયӵკ 1ǴႣයၲԋϐڀ

ᡏҞ኱хࡴӵΠǺ 

 Ƕ܄ᆶᏹբ੝ೌמ਑ϐ׷คᐒᆫӝࣁ਑ᙯඤ׷ྕߥҥӭϡቲకࡌ.1

 Ƕ݋ᆶຑ՗ϩ܄਑ϐ੝׷ҥคᐒᆫӝࡌ.2

 ຑ՗Ƕၞىϐᅹೌמ਑׷ҥคᐒᆫӝࡌ.3
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კ 1 ҁीฝϐ୺Չख़ᗺᆶࢎᄬ 

 

 

คᐒᆫӝ׷਑ϐᇙഢೌמ໒วคᐒᆫӝ׷਑ϐᇙഢೌמ໒วคᐒᆫӝ׷਑ϐᇙഢೌמ໒วคᐒᆫӝ׷਑ϐᇙഢೌמ໒ว(1st year) 
� ᏹբచҹᆶ੝܄ϐࡌҥᆶຑ՗  
� ന٫ϯ๧ڗచҹϐຑ՗  
� ന٫ϯᆫӝచҹϐຑ՗  

คᐒᆫӝ׷਑คᐒᆫӝ׷਑คᐒᆫӝ׷਑คᐒᆫӝ׷਑ 
๧ᇙϷԋزࣴೌמ׎๧ᇙϷԋزࣴೌמ׎๧ᇙϷԋزࣴೌמ׎๧ᇙϷԋزࣴೌמ׎ 

਑ᇙഢคᐒ׷ྕߥቲక᎑ޖ਑ᇙഢคᐒ֖׷ྕߥቲక᎑ޖ਑ᇙഢคᐒ֖׷ྕߥቲక᎑ޖ਑ᇙഢคᐒ֖׷ྕߥቲక᎑ޖ֖

ᆫӝ׷਑ϐ੝܄ຑ՗ᆫӝ׷਑ϐ੝܄ຑ՗ᆫӝ׷਑ϐ੝܄ຑ՗ᆫӝ׷਑ϐ੝܄ຑ՗(1st year)  
  ܄੝׷ҥӭϡϯϐቲకၗࡌ �
� ຑ՗คᐒᆫӝ׷਑ϐ׷਑੝܄  
� ຑ՗คᐒᆫӝ׷਑ϐᕉნӼӄ܄  

 2nd)ၞىϐᅹೌמҥคᐒᆫӝࡌၞىϐᅹೌמҥคᐒᆫӝࡌၞىϐᅹೌמҥคᐒᆫӝࡌၞىϐᅹೌמҥคᐒᆫӝࡌ
year)  
� ૈྍਏ੻ϐКၨᆶຑ՗  
� Β਼ϯᅹ௨ܫ੝܄ϐຑ՗  

คᐒᆫӝᜢᗖೌמ 
ϐᔈҔᆶࣴว 

คᐒᆫӝᜢᗖೌמ 
ϐᔈҔᆶࣴว 

ૈྍᆶᕉნӼӄ܄ຑ

՗ϐᜢᗖೌמᆶᔈҔ 

ᜢᗖബཥೌמ 

ᜢᗖബཥೌמ ᜢᗖബཥೌמ 
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ມມມມǵǵǵǵࣴزБݤᆶၸำࣴزБݤᆶၸำࣴزБݤᆶၸำࣴزБݤᆶၸำ 

΋ǵคᐒᆫӝೌמނ 

(΋)คᐒᆫӝೌמނϐচ౛ᆶ੝܄ 

1978ԃ Joseph Davidovitsஒځ໒วߚڀ඲፦(amorphous)

Կъ඲፦ (semi-crystalline)ރᄊϐ 3 ᆢ᎑ޖለᡶ׷਑ᆀࣁ

ȨgeopolymersȩǴཀࡰҗӦౚϯᏢբҔ׎ԋϐ᝜ނᆫӝނǶԶ

߯คᐒᆫӝբҔ(geopolymerisation)ޑᒏ܌ ለᡶ਼ϯޖ᎑֖ࡰ

Al)ނ ଯܭǴ׷ቲకၗ܈׷ለᡶϐϺฅ᝜ޖϖଛՏ)Ϸ܈Ѥࣁ+3

ᐚࡋપᡵ(KOHǵNaOH)܈ᡵߎឦޖለᡶ(K2SiO3ǵNa2SiO3)฻

ᡵࢲ܄ϯᏊϸᔈᕉნΠǴᗭಈ߄य़݋р SiǵAl ጤᡏǴ׎ԋค

ᐒᆫӝ߻ނ០ނ(geopolymeric precursor)ǴӵԄ(1)܌ҢǶԶค

ᐒᆫӝ߻ނ០ނஒᆶᡵࢲ܄ϯᏊǴ຾΋؁຾ՉᆫӝϸᔈǴ׎ԋ

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 

(คᐒᆫӝ߻ނ០ނ) (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 

(คᐒᆫӝނϐ߻០ނ) 

(SiɡAl  ፦) (1)ނ
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΋૓ԶقǴคᐒᆫӝނϐ׎ԋϸᔈᐒڋǴЬाхࡴѤঁ؁

ᡯǺ(1)᎑ޖለᡶ᝜ނણᡏӧᡵࢲ܄ϯᏊύޑྋှբҔǹ(2)ྋ

ឦߎय़ӛᗭಈ໔ሜᘉණǹ(3)ᡵ߄ᡏᗭಈڰϷ᎑ᚆηҗޖޑှ

ᚆηϐ໔วғᆫӝϸᔈǹ(4)Ꮙጤ೴ᅌ௨ନ᎑ޖለᡶྋనᆶޖ

ഭᎩޑНϩǴ่ڰฯϯԋޖ᎑ለᡶϐคᐒᆫӝ׷਑Ǵკ คࣁ2

ᐒᆫӝނϐϸᔈᐒڋҢཀკ(Duxson et al., 2007)Ƕ 

 

კ 2 คᐒᆫӝނϐϸᔈᐒڋҢཀკ(Duxson et al., 2007) 

(Β)คᐒᆫӝ่ނᄬ੝܄ᆶϩᜪ 

ӧคᐒᆫӝϸᔈၸำǴ᎑ޖለᡶᜪ཮ᆶᡵࢲ܄ϯᏊϸᔈ׎

ԋ Si-O-Alᗖ่ൂϡǶӢԜǴJoseph Davidovitsߡஒж߄Si-O-Al 

ൂϡϐ silicon-oxo- aluminateǴᕭቪࣁ SialateǴԶ Polysialates
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Ϸ[AlO4]Ѥय़ᡏӅҔ[SiO4]߄жࣁ߾ 1 ঁ਼চηǴ׎ԋ᜘ރϷ

ᕉ่ރᄬϐߚ඲፦Կъ඲፦ᆫӝނǶԖᜢ Polysialates࿶ᡍԄ

ӵԄ(3)܌ҢǴځύ M ឦ໚ᚆη(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

ϐॄႝ಻Ǵᡵࢲ܄ϯᏊύ Na+ǵK+܈ Ca2+฻໚ᚆη཮຾่ډᄬ

ύǴ೷ԋคᐒᆫӝނϐ่ᄬׯᡂǶკ ឦ໚ᚆηߎ٬Ҕόӕࣁ4

ᡵࢲ܄ϯᏊϐคᐒᆫӝ่ނᄬҢཀკǶ 
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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-PSDS೸ߏҡ 

კ 4 όӕߎឦ໚ᚆηϐคᐒᆫӝ่ނᄬკ(Davidovite, 2011) 
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(Ο)ቹៜคᐒᆫӝբҔϐӢન 

ቹៜคᐒᆫӝբҔϷ׷ځ਑੝܄ϐӢનǴόѦЯԖচނ਑

ᅿᜪᆶ੝܄ǵᡵࢲ܄ϯᏊᅿᜪᆶᐚࡋǵᠳ܏ਔ໔ǵᎦៈྕࡋᆶ

ਔ໔฻Ƕ 

1.চނ਑ 

(1)ᅿᜪϷނϯ੝܄ 

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

᎑਼Ζय़ᡏಔԋϐ[(OH)6Al 4(OH)2]ቫǴ܌ᄬԋ 1Ǻ1 ቫރ඲਱

่ᄬϐ֖᎑ޖለᡶ᝜ނ(ӵკ Ң)ǶԶᡂଯᔂβ(metakaolinite)܌5

চ਑Ǵ࿶ଯྕ(500ʚа΢)㺘ᐨಥࣁаଯᔂβ(kaolinite clay)ࢂ߾

♏୷(dehydroxylated)܌ளډচη௨ӈόೕ߾ǴЪܭᡵ܄ྋనύ

ၨڀϸᔈ܄ࢲϐคН᎑ޖለᡶǶӢԜǴᡂଯᔂβࣁനத೏Ҕܭ

ӝԋݦҡϷคᐒᆫӝނϐϺฅ᝜ނচ਑ǶElimbi et al.(2011)а

ଯᔂβᇙഢคᐒᆫӝᆘՅНݝϐࣴزύǴаଯᔂβǵН࣒ዟϷ

NaOHࣁচ਑Ǵ௖૸ଯᔂβϐ㺘ᐨྕࣁࡋ 450ʚ~800ʚǴჹค

ᐒᆫӝᆘՅНݝᏉ่ਔ໔ (Setting time)ǵጕ܄ԏᕭ (Linear 

shrinkage)ϷלᓸமࡋϐቹៜǶ၂ᡍ่݀ᡉҢǴ྽ଯᔂβϐ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 ଯᔂβ඲ᡏ୷ҁ่ᄬ 

ԵໆଯᔂβࣁଯሽЪҔ೼ቶݱϐϺฅ᝜ނǴЪܭคᐒ

ᆫӝϸᔈ߻Ǵሡ೸ၸଯྕࢲϯಥН׎ԋଯ܄ࢲϐᡂଯᔂ

βǴӢԜǴࣁफ़եғౢԋҁϷᅹ௨Ǵӕਔှ،ቲకၗ׷ϐ

ೀ౛ӆճҔୢᚒǴςԖ೚ӭЎ᝘ଞჹ൤֖ SiǵAl ϡનϐቲ

కၗ׷ᆶଯᔂβǴӅӕᇙഢคᐒᆫӝ׷਑ϐёՉ܄຾Չࣴ

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

ύǴว౜زϐࣴނжᡂଯᔂβᇙഢคᐒᆫӝڗ TFT-LCD

ቲ࣒ዟڗжໆࣁ 10%Ǵڼԯ SiO2బуໆࣁ 1%ਔǴᇙԋϐ

คᐒᆫӝڀނԖၨ٫ΚᏢϷ༾่ᄬ੝܄Ǵջל៻Ԕமࡋၨ

ଯЪϾሜ౗եǶHao et al.(2015)ࢂ߾௖૸ϼ໚ૈय़݈ቲ࣒

ዟ(Solar Panel Waste Glass)బуໆǴჹଯᔂβคᐒᆫӝނ

ᐒఓϷ่ᄬ੝܄ϐቹៜǴ၂ᡍ่݀ว౜྽ϼ໚ૈय़݈ቲ࣒

ዟڗжଯᔂβϐКٯቚуǴஒᏤठϸᔈس಍ϐ Al ֖ໆफ़

եǴ຾Զ֫ᛖ᎑ޖለᡶᜪϐӝԋǴӢԜǴคᐒᆫӝނϐל
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ᓸமࡋว৖ᆶϼ໚ૈय़݈ቲ࣒ዟబуКٯևϸКᜢ߯ǴԶ

၂ᡍ่݀ҭࡰрϼ໚ૈ݈ቲ࣒ዟϐനڗ٫жໆࣁ 10%Ǵځ

คᐒᆫӝނӧᎦៈសය 28Ϻϐלᓸமࡋёၲ 63 MPaǶ 

ќѦǴ࢒М฻(2009)߾ଞჹྡྷᒳ໣ლԪϷᡂଯᔂβǴ

Ӆӕᇙഢคᐒᆫӝ׷਑ϐёՉ܄຾Չຑ՗Ǵࣴࡰ่݀زр

ᒳ໣ლԪྡྷۓڰ /(ᡂଯᔂβ+ޖለ໊ )ख़ໆКࣁ 1Ǵ

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

ਔ໔ϩձࣁ 60ʚǵ24 λਔ฻ᏹբచҹǴᇙԋϐคᐒᆫӝ

ೕ኱ݤឦྋрໆ֡಄ӝߎྋр၂ᡍϐख़܄੝܄ࢥځǴނ

ྗǴԶ၂ᡏ 28Ϻϐלᓸமࡋёၲ 26.09 MPaǴᡉҢаྡྷᒳ

໣ლԪᇙഢคᐒᆫӝ׷਑Ǵዴჴڀว৖ϷᔈҔወΚǶ 

аቲకނೀ౛ϐࡋفԶقǴ୯ϣѦ೚ӭࣴزҭරӛճ

Ҕ֖ޖǵ᎑Ϸ້ϐคᐒቲకނǴբࣁคᐒᆫӝނϐϸᔈচ

਑ǴځύΞа Fભ०ԪᇙഢคᐒᆫӝނϐᏹբచҹǴаϷ

௖૸ǶԶزࣴݱന೏ቶ܄ᔈҔ੝ࠔౢ 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
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ԪǴբࣁᇙഢคᐒᆫӝނϐচ਑Ǵ٠௖૸ᡵࢲ܄ϯᏊ NaOH

ᐚ3)ࡋMǵ6M Ϸ 9M)ϷᎦៈྕ65)ࡋʚϷ 85ʚ)Ǵჹ׷਑ނ

౛ϷΚᏢ੝܄ϐቹៜǶҗ׷਑ނ౛੝܄ϩ่݀ᡉҢǴਥᏵ

ܭຎϾሜ౗ϟځǴނᇙഢрϐคᐒᆫӝ܌ॊᏹբచҹ߻

25.3%~29.8%ǵ֎Н౗ϟܭ 15.6%~19.2%ǵᡏஏ߾ࡋϟܭ

1,552.9 kg/m3~2,229.9 kg/m3ǴԶӧ׷਑ΚᏢ੝܄೽ϩǴค

ᐒᆫӝܭނ 85ʚᎦៈྕࡋచҹΠǴኙԔமࡋϟܭ 5.5 

MPa~8.1 MPaǶ 

ᎄМ฻(2010)ᒧҔН৤ఫࣁݝ௖૸ჹຝǴ٠а࣒ዟણ

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

(SiO2/Na2O=1)Ǵ௓ڋనڰКࣁ 4ǴԋࠠᓸΚ 20 kgf/cm2Ǵ

዗ೀ౛ਔ໔ࣁ 2λਔ฻ᏹբచҹǴ೸ၸคᐒᆫӝೌמեྕ

(500ʚаΠ)ᐨ่ᇙԋϐࡌᑐ׷਑Ǵ࿶׷਑੝܄ϩ่݀݋

(хࡴ֎Н౗Ϸלᓸமࡋ)Ǵ᛾ჴᇙഢрϐࡌᑐ׷਑ࣣё಄

ӝ CNS 382ද೯ᑄϐࠔ፦ೕጄ኱ྗǶ 

Tchakoute et al.(2013)ճҔОξԪᇙഢคᐒᆫӝނϐ

եКय़ᑈϷեෞᚆڀрࡰύǴزࣴ CaO ֖ໆ੝܄ϐОξ

ԪǴځคᐒᆫӝౢނϐᏉ่ਔ໔ၨߏǶTakeda et al.(2014)

ന٫ϐځϯᏊǴࢲ܄ᡵࣁচ਑ǴNaOHࣁрճҔОξԪࡰ

ᏹբచҹ߯ࣁ௓ڋОξԪϷᡵࢲ܄ϯᏊϐషӝКࣁٯ 3Ǻ
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1Ǵᡵࢲ܄ϯᏊᐚࣁࡋ 13.5 MǴᎦៈྕࡋϷᔸࡋϩձࣁ 30

ʚϷ 80%Ǵᇙԋϐคᐒᆫӝלނᓸமࡋёၲ 80.1 MPaǴԜ

ѦǴ၀ࣴزҭว౜࣬ၨܭ०ԪϷଯᔂβǴОξԪϐ SiO2

֖ໆၨଯǴӢԜǴӧคᐒӝϸᔈၸำǴ೸ၸᚐѦబуН࣒

ዟϐБԄǴჹׯ๓س಍ϐฯϯᐒڋϷගܹคᐒᆫӝלނᓸ

மࡋϐਏ݀٠όᡉ๱Ƕ 

(2)ಈ৩ελ 

࣬ᜢࣴࡰزрচނ਑ᗭಈЁκຫλǴК߄य़ᑈϷϸᔈ

ǵ᎑ྋрໆຫӭǴคᐒᆫӝޖǴזຫεǵϸᔈೲ౗ຫ܄ࢲ

ۯϷࡋᓸமלނຫଯǴᇙԋϐคᐒᆫӝࡋጤᡏϐᆫӝำނ

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

et al., 2013)ǶTemuujin et al.(2009)ӧ௖૸ᐒఓࢲϯჹ०Ԫ

คᐒᆫӝ׷ނ਑੝܄ϐቹៜǴว౜೸ၸࣴᑃϐᐒఓࢲϯБ

ԄǴஒ०Ԫᗭಈϐύॶಈ৩(D50)җ 14.4 µm फ़եԿ 6.8 

µmǴёቚу०Ԫ่ᄬύϐޖǵ᎑ྋှೲ౗Ǵ຾΋؁ஒคᐒ

ᆫӝނϐלᓸமࡋҗ 16 MPaගܹԿ 45 MPaǶ 

Komnitsas et al.(2015)аᔼࡌቲకނ(Construction and 

demolition wastes, CDS)ᇙഢคᐒᆫӝ׷਑ϐቹៜӢη௖

૸ࣴزύǴࡰр၂ᡍ׷਑ϐಈ৩ελࣁቹៜคᐒᆫӝ׷਑

਑׷Ң၂ᡍ߄ϐख़ाӢηǴջ྽ᗭಈЁκຫλǴࡋᓸமל
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Ǵזय़ᑈǴคᐒᆫӝբҔϸᔈ຾Չೲ౗ҭၨ߄Ԗၨଯϐڀ

٬ளคᐒᆫӝ׷਑ᗖ่மࡋϷלᓸமࡋၨமǶԶਥᏵคᐒ

ᆫӝ׷਑ϐלᓸமࡋϩ่݀݋ёޕǴ྽၂ᡍ׷਑ϐύॶಈ

৩(d50)λܭ 15µmǴஒёԖਏගܹלځᓸமࡋǶ 

2.ᡵࢲϯచҹ 

ᡵࢲ܄ϯᏊ(alkaline activator)ӧคᐒᆫӝϸᔈၸำǴЬ

ाߦࣁ຾ AlǵSiϐྋှϷჲᆫނ(oligomers)ϐғԋǶӢԜǴ

ᡵࢲ܄ϯᏊϐᐚࡋϷᡵߎឦ໚ᚆηᅿᜪǴࣁቹៜ᎑ޖለᡶྋ

ှำࡋϷคᐒᆫӝբҔೲ౗ϐख़ाӢηǶԖᜢᡵࢲ܄ϯᏊᆶ

Al-Si ᝜ނϷޖለᡶᜪϐϯᏢϸᔈǴёҗϸᔈԄ(4)Կ(14)߄

Ң(Xu and Van Deventer, 2000)Ƕ 

җϸᔈԄ(4)Կ(14)ύǴёޕ྽ᡵࢲ܄ϯᏊᐚࡋቚуǴஒ

ԖճܭԄ(4)ԿԄ(10)ϐϸᔈӛѓ຾ՉǶԶԄ(4)ԿԄ(6)ࣁϯᏢ

Нӝϸᔈ(hydration reactions)Ǵջ OHɡ഍ᚆηᆶ Si-Al ᡏڰ

ᗭಈ߄य़ϸᔈǴ׎ԋ[Al(OH) 4]
ɡǵ[SiO(OH)3]

ɡǵΒሽ҅ޖለ

ᚆηǵΟሽ҅ޖለᚆηǶԄ(7)ԿԄ(10)ނࣁ߾౛ᓉႝϸᔈ

(electrostatic reactions)Ǵᡵߎឦ໚ᚆη Mɠᆶ[Al(OH) 4]
ɡǵ

[SiO(OH)3]
ɡǵΒሽ҅ޖለᚆηϷΟሽ҅ޖለᚆηϸᔈǴаѳ

ᑽ৤উᓉႝѾΚ(coulomb electrostatic repulsion)ǶԄ(11)ԿԄ

৤উᓉႝЇΚࣁ(14) (coulomb electrostatic attraction)୷ᘵ
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΢Ǵ഍໚ᚆη໔ᕭӝҬϕբҔ(condensation interaction)Ƕ 

 

 

 

 

 

 

 

 

 

 

 

ԶӧϸᔈԄ(10)Կ(14)ύǴMɠ໚ᚆηஒᆶ[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)ϐϸᔈӛѓ຾ՉǶќҗϸᔈԄ(7)Կ(14)ύǴёᢀჸр

ᡵߎឦ໚ᚆηΨ཮ჹ᎑ޖለᡶϐྋှࡋ೷ԋቹៜǶऩ໚ᚆη

ЁκຫλǴஒԖշܭᡵߎឦᚆηᆶλϩηϐޖለᡶჲᆫނ

(oligomers)ǴхൂࡴᆫނǵΒᆫނǵΟᆫނǴ຾Չᚆηჹϸ

ᔈ(ion-pair reaction)ǶӢԜǴ٬ҔᡵߎឦᚆηЁκၨλϐ

NaOHբࣁᡵࢲ܄ϯᏊǴஒёගଯ Al-Si  Ƕࡋᡏᗭಈϐྋှڰ

 ϯᏊᅿᜪࢲ(1)

΋૓ԶقǴҔٰᇙഢคᐒᆫӝނϐᡵࢲ܄ϯᏊǴЬा

ёϩࣁϐપᡵྋన(KOHǵNaOH)Ϸᡵߎឦޖለᡶྋన

(K2SiO3ǵNa2SiO3)ٿεᜪǶԶӧคᐒᆫӝϸᔈբҔύǴᡵ

਑ނቹៜচࣁឦᅿᜪǴߎᡵޑϯᏊύࢲ܄ SiǵAl ϡનྋр

ໆϐख़ाӢηǶЎ᝘ࣴزҭࡰрǴ࣬ၨܭ Kɠ(152 pm)Ǵ

NaɠڀԖᚆηъ৩λ(116 pm)Ъ܄ࢲଯϐ੝ᗺǴӢԜǴӧค

ᐒᆫӝϸᔈၸำ٬Ҕ֖ Naɠϐᡵࢲ܄ϯᏊǴஒၨԖճܭ᎑

ᇙഢрϐคᐒ܌ԋǴ׎(oligomers)ނለᡶᜪྋрϷჲᆫޖ

ᆫӝނᐒఓம߄ࡋ౜ҭၨ٫  (Xu and Van Deventer, 

2000ǹଭМ฻Ǵ2002)Ƕ 
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ԜѦǴᡵࢲ܄ϯᏊϐᡵߎឦᅿᜪǴҭ،ۓ၂ᡏࢂցр

౜߄य़қ๮౜ຝϐᜢᗖӢηǶŠkvára et al.(2009)ܭคᐒᆫ

ӝނϐқ๮౜ຝ(efflorescence)ࣴ ϯᏊύϐࢲрᡵࡰύǴز

ᡵߎឦ NaǵKǴࣁύک SiɡOɡAl ่ᄬύ Al ஥ϐॄႝ܌

಻ǴԶаᗖ่ၨ১ϐ Na, K(H2O)n
ᗖ่ၨமϐߚԄǴԶ׎+

Na+ǵK+׎ԄǴᆶ SiɡOɡAl ่ᄬ຾Չᗖ่(კ 6)Ǵठ٬

Na ਻ύޜрǴ٠ᆶ݋၂ᡏᎦៈය໔ܰᒿ๱Нϩϐᇃวܭ

ޑ CO2ϸᔈғԋ Na2CO3ǷnH2OǴ೷ԋқ๮౜ຝǶٛࣁЗ

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܄ϯᏊϐ၂ᡍύǴаᐯྡ०ԪࣁЬाচ਑Ǵ௓ڋᡵ܄

ࣁࡋϯᏊᐚࢲ 8MǴϸᔈྕࣁࡋ 60ʚǴϸᔈਔ໔ࣁ 14 Ϻ

ϐᎦៈచҹΠǴ٬Ҕ NaOH ᡵࢲ܄ϯᏊᇙԋϐคᐒᆫӝ

ၲࡋᓸமל਑ϐ׷ځǴނ 65.28 MPaǴܴᡉၨ٬Ҕ KOH ᡵ

ϯᏊϐࢲ܄ 28.73 MPaࣁଯǶ 

஭М฻(2009)ճҔН࣒ዟ(Na2SiO3Ƿ9H2O)ᡵࢲϯᇙഢ

ଯ᝗᝜෦คᐒᆫӝزࣴނύǴа௟ඔԄႝηᡉ༾᜔(SEM)

ᢀჸӧόӕᎦៈសයΠǴคᐒᆫӝ߄ނय़่ᄬϐᡂϯǴᡉ

Ңӧ߃Ꮙ໘1.3)ࢤ λਔ)ǴН࣒ዟНှғԋϐ H4SiO4 ྋጤ

Ϸ NaOHǴஒઇᚯ᝜෦ϐɡOɡSiɡOɡSiɡOɡAlɡOɡ

่ᄬǴ׎ԋ SiO4ک AlO4Ѥय़ᡏǴ٠ҥջғԋ[OSi(OH)3]
ɡ

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

Ϸӭᆫނ฻ჲᆫނǴӢԜǴ೸ၸ SEM ёᢀჸډ᝜෦ᗭಈ

य़ᙟᇂ΋ቫྋጤ(H4SiO4߄ Ϸჲᆫނ)ǶԶӧಖᏉ໘4.2)ࢤ

λਔ)Ǵ߾Ӣᡵࢲ܄ϯᏊᆶޖǵ᎑ᚆηวғᆫᕭӝϸᔈǴࡺ

ёᢀჸډεໆեᆫᄊྋጤᡏғԋǶ 

ନ߻ॊٿᅿᡵࢲ܄ϯᏊѦǴ߈ԃٰ୯ϣѦ࣬ᜢคᐒᆫ

ӝނϐᇙഢǴεӭଞჹፄӝᡵࢲ܄ϯᏊჹคᐒᆫӝނϐ׎

ԋϸᔈቹៜ຾Չࣴز௖૸ǶڬМϷഋМ(2008)ӧ௖૸ቹៜ

ୃଯᔂβคᐒᆫӝ׷ނ਑ϐ੝܄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

ቹៜ຾Չ၂ᡍǴ၂ᡍ่݀ᡉҢ٬Ҕޑ Na2SiO3/KOH ϐ၂ᡏ

ࣁࡋᓸமל 89 MPaǴNa2SiO3/NaOHࣁ߾ 76 MPaǶचМ฻

(2014)௖૸όӕᅿᜪϐᡵࢲ܄ϯᏊჹҡྡගഇ׀෦ࣁচ

਑ǴᇙഢคᐒᆫӝނϐלᓸமࡋϷ༾ᢀ่ᄬቹៜύǴว౜

٬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܄ϐΚᏢ੝ނቹៜคᐒᆫӝࣁ

al.(2005)ࣴ рคᐒᆫӝϸᔈϐࡰز NaOHᡵࢲ܄ϯᏊᐚࡋ

ཇଯǴځྋှᡂଯᔂβᗭಈૈΚຫӳǴ٬ғԋϐڀଯϸᔈ

ǴӢࡋϐϣϩηᗖ่மނၨӭǴёගܹคᐒᆫӝނᆫൂ܄

ԜǴคᐒᆫӝނϐל៻ԔமࡋǵלᓸமࡋϷຎஏࡋǴ֡ᒿ

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

०ԪᇙԋคᐒᆫӝלނᓸமࡋϐቹៜࣴزύǴࡰр྽

NaOH ᐚࡋቚуǴҭջคᐒᆫӝϸᔈس಍ϐ OHɡᐚࡋቚ

уǴёуೲ०ԪྋှǴ٠Ԗճܭคᐒᆫӝނϐלᓸமࡋϐ

ว৖ǹϸϐǴऩၸࡋቚуϸᔈس಍ϐ OHɡᐚࡋǴஒᏤठ᎑

ڋǶӢԜǴ௓ࡋᓸமלϐނᐘǴफ़եคᐒᆫӝ؈ለᏉጤޖ

ᡵࢲ܄ϯᏊᐚࡋϟܭ 4.5M~16.5MǴᎦៈྕ25)ྕ࠻ࣁࡋʚ

~28ʚ)ǵᎦៈਔ໔ࣁ 60 ϺǴ྽ NaOHᐚࣁࡋ 14.0MǴค

ᐒᆫӝނϐלᓸமၲࡋനεॶऊ 23.0 MPa~25.5 MPaǶ 

ҭԖ࣬ᜢЎ᝘ଞჹᡵࢲ܄ϯᏊᐚࡋჹคᐒᆫӝނᏉ

่ਔ໔ϐቹៜ຾Չ௖૸Ǵ่݀ᡉҢӧ࣬ӕᎦៈྕࡋΠǴค

ᐒᆫӝ߃ނᏉϷಖᏉਔ໔Ǵ֡ᒿ๱ K2O ֖ໆ(KOH ᐚࡋ)

ϐቚуԶቚуǴԶᇙԋϐऐОคᐒᆫӝ׷ނ਑לᓸமࡋҭ

ᒿϐቚу(Cheng and Chiu, 2003)Ƕ 

(3)SiO2/M2O 

݅М฻(2012)ճҔ TFT-LCD य़݈Ϸᡂଯᔂβᇙഢค

ᐒᆫӝزࣴނύǴࡰр྽ SiO2/Na2OವԸКၨեਔǴس಍

ύஒڀԖى୼ϐ OHɡёቚу SiO2Ϸ Al2O3ྋр Ǵໆՠၸໆ

ϐ OHɡஒόճܭᆫᕭӝϸᔈ(polycondensation)ϐ຾ՉǴӢ

ԜǴ೸ၸ TFT-LCD य़݈คᐒᆫӝނϐ׷਑੝܄ϩ่݀݋
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ёޕǴTFT-LCD य़݈คᐒᆫӝނϐᏉ่ਔ໔ǵלᓸமࡋ

Ϸ዗໺Ꮴ߯ኧ֡ᒿ๱ SiO2/Na2O К(0.8~2.0)ቚуԶቚуǶ

Զ Hao et al. (2015)ӧճҔϼ໚ૈय़݈ቲ࣒ዟ(solar panel 

waste glass)Ϸᡂଯᔂβ(metakaolinite)ᇙഢคᐒᆫӝނϐ

ࣁٯଯᔂβబуКۓڰύǴزࣴ܄਑੝׷ 44.4%ǴаϷቲ

కϼ໚ૈय़݈࣒ዟబуКٯ 0%Ǵ೸ၸፓ᏾ Na2SiO3 Ϸ

NaOHషӝКٯϐБԄǴ௓ڋፄӝᡵࢲ܄ϯᏊϐSiO2/Na2O

ವԸКࣁ 0.75~1.75Ƕ၂ᡍ่݀ᡉҢǴคᐒᆫӝނϐלᓸம

ᒿ๱߯ࡋ SiO2/Na2O ವԸКቚуԶቚуǴӢԜǴ྽

SiO2/Na2OವԸКࣁ 1.75ǴᎦៈྕࣁࡋ 30ʚϷᎦៈਔ໔ࣁ

28ϺᏹբచҹΠǴᇙഢрϐคᐒᆫӝڀނന٫ΚᏢૈ܄Ǵ

ёၲࡋᓸமל 71.42 MPaǶ 

݅М฻(2006)ӧคᐒᆫӝނϐ׷਑ᔈҔࣴزύǴճҔ

ᐯྡԪ෦Ϸᡂଯᔂβࣁচ਑Ǵа Na2SiO3Ϸ NaOHషӝଛ

ᇙ SiO2/Na2O ವԸКࣁ 0.5~2.0 ϐፄӝᡵࢲ܄ϯᏊ฻చ

ҹǴᇙഢคᐒᆫӝ׷਑ϐלᓸம่݀ࡋёޕǴᒿᡵࢲ܄ϯ

ᏊϐSiO2/Na2OವԸКቚуǴջፄӝᡵࢲ܄ϯᏊύϐNaOH

షӝКٯ෧ϿǴচނ਑ύϐ᎑ǵޖᚆηྋрໆफ़եǴ߾ค

ᐒᆫӝ׷਑לᓸமࡋᒿϐफ़եǶ 

(4)SiO2/Al 2O3 
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Ьाচ਑ǴࣁМ฻(2008)ճҔᡂଯᔂβϷᐯྡ०Ԫ࢒

กϯۭ෦ᔸᑔԦࣁݝᄞଛ׷਑Ǵ௖૸ӧচ਑ଛКǵNa2SiO3

Ϸ NaOHᡵࢲ܄ϯᏊషӝКٯǵᎦៈచҹ฻ᏹբచҹǴჹ

ᔸᑔԦݝคᐒᆫӝނϐ׷਑੝܄ቹៜǶځύӧ SiO2/Al2O3

Кჹคᐒᆫӝނϐ׷਑੝܄ϩ่݀݋ᡉҢǴӧ࣬ӕᎦៈచ

ҹΠǴᔸᑔԦݝคᐒᆫӝނϐלᓸமࡋϷ዗໺Ꮴ߯ኧǴ֡

ᒿ๱ SiO2/Al2O3КቚуԶቚуǶ 

Silva et al.(2007)ܭคᐒᆫӝբҔϐ୏ΚᏢࣴزύǴճ

ҔషӝόӕКٯϐᡂଯᔂβϷᡵࢲ܄ϯᏊ (NaOH Ϸ

Na2SiO3)ϐБԄǴፓ᏾คᐒᆫӝբҔس಍ϐ SiO2/Al 2O3 ವ

ԸКϟܭ 2.50~5.01Ǵ٠ଞჹόӕ SiO2/Al 2O3ವԸКᇙԋϐ

คᐒᆫӝ׷਑຾ՉᏉ่ਔ໔Ϸלᓸமࡋϩ݋Ǵ၂ᡍ่݀ว

౜׷਑ϐಖᏉ่ਔ໔ (final setting times)Ǵ߯ᒿ๱

SiO2/Al 2O3 ವԸКϐቚу(Al ֖ໆ෧Ͽ)ԶߏۯǶԶҗ׷਑

ΚᏢ੝܄ϩ่݀݋Ǵว౜྽ SiO2/Al2O3 ವԸКගܹԿ

3.4~3.8Ǵ׷਑ӧᎦៈࡕයڀԖၨ٫ϐלᓸம߄ࡋ౜Ƕ 

3.ᠳ܏ਔ໔ 

මМϷ஭М(2011)ܭคᐒᆫӝߎނឦวزࣴݰύǴࡰр

፾ߏۯࡋᡵࢲϯᡂଯᔂβዀᡏϐᠳ܏ਔ໔ǴஒԖճܭᡂଯᔂ

βϐ SiǵAl ϡનϐྋрǴ຾΋؁ගܹ׷਑ϐלᓸமࡋǶฅ
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ԶǴၸߏۯࡋᠳ܏ਔ໔(εܭ 50ϩដ)Ǵᡵࢲ܄ϯᏊஒ཮ჹচ

਑ϐނ SiǵAl ྋрϷᗖ่ϸᔈ೷ԋॄय़ቹៜǴठ׷٬਑ל

ᓸமࡋफ़եǶ 

Chen et al.(2011)ܭճҔН৤ఫݝ೽ϩڗжᡂଯᔂβᇙ

ഢคᐒᆫӝނϐࣴزύǴషӝόӕКٯϐ㺘ᐨН৤ఫݝǵ᝗

ҡણǵᡂଯᔂβǴۓڰНጤК(W/B)ࣁ 0.5ǴаϷᡵࢲϯᏊϐ

ᡵ྽ໆ(AE%)ᆶኳኧ(Ms)฻၂ᡍచҹǴ௖૸ᠳ܏ਔ໔ 90ǵ

180ǵ300 ϩដǴჹคᐒᆫӝ׷਑לᓸமࡋϐቹៜǶ၂ᡍ่

݀ว౜Ǵߏۯᠳ܏ਔ໔Ԗշܭคᐒᆫӝ׷਑ϐԐයϷύයϐ

Ƕک጗ܭᖿ߾ว৖ϐਏ੻ࡋᓸமלว৖Ǵՠჹఁයࡋᓸமל

ӢԜǴаН৤ఫݝǵ᝗ҡણǵᡂଯᔂβషکКٯǴϩձࣁ

70%ǵ30%ǵ0%ϐ RSBG100ٯࣁǴᠳ܏ਔ໔җ 45ϩដߏۯ

Կ 300ϩដǴᎦៈសයಃ 3ϺǴ၂ᡏלᓸமࡋёගଯ 35 %Ǵ

ԶܭᎦៈសයಃ 91ϺǴלᓸமࡋ໻ቚу 11 %Ƕ 

4.คᐒᆫӝ׷਑ϐᎦៈచҹ 

(1)Ꭶៈྕࡋ 

ࣁጄൎࡋϐྕނ඲፦คᐒᆫӝߚрᇙഢࡰزࣴ 20ʚ

~90ʚǴԶᇙഢ่ڀ඲፦คᐒᆫӝނǴ߾ሡ௓ڋଯᓸᇃ਻

ܭϟࡋྕ 150ʚ~200ʚϐ໔Ƕკ 7 Ǵࡋόӕϸᔈྕڋ௓ࣁ

K2O-Al2O3-SiO2 س ಍ ϐ ค ᐒ ᆫ ӝނ ᜪ ࠠ (Davidovite, 
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1991)ǶԜѦǴҭԖ೚ӭᏢزࣴޣ᛾ჴᎦៈྕࣁࡋቹៜคᐒ

ᆫӝނᏉ่(setting)Ϸฯϯ(Hardening)ϐЬाӢηǴӢԜǴ

ჹคᐒᆫӝלނᓸமࡋว৖೷ԋᡉ๱ϐቹៜ(Guo et al., 

2010)ǶԶၨଯϐᎦៈྕࡋёගଯ᎑ޖለᡶྋှϷᆫӝϐϸ

ᔈೲ౗ǴғԋၨӭԖճܭமࡋว৖ϐౢނǴՠऩၸࡋගଯ

ғԋϐคᐒᆫӝܭ಍НϩεໆᇃวǴஒόճسǴϸᔈࡋྕ

ᓸלϷࡋۓϐ่ᄬᛙނϐᘉණᆶ፦໺Ǵठ٬คᐒᆫӝނౢ

மࡋफ़ե(Chindaprasirt et al., 2007ǹᓅМ฻Ǵ2012ǹЦМ

฻Ǵ2010)Ƕ 

 

კ 7 คᐒᆫӝނϷݦҡ่඲ྕࡋጄൎ(Davidovite, 1991ǹKhale and Chaudhary, 2007) 

 

Mo et al.(2014)ӧຑ՗Ꭶៈྕࡋϟܭ 20ʚ~100ʚჹᇙ

ഢᡂଯᔂβ(metakaolinite)คᐒᆫӝނϐቹៜࣴزύǴࡰр

྽Ꭶៈྕࡋϟܭ 80ʚ ~100ʚǴஒගଯᆫᕭӝϸᔈ
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(polycondensation)ϐℚᅉࡋǴԶεໆғԋϐคᐒᆫӝ߻ނ

០ނஒхᙟᡂଯᔂβᗭಈǴޖ᎑ڋ׭ለᡶᜪྋрϷࡕයᆫ

ᕭӝϸᔈϐ຾ՉǶӢԜǴ၀၂ᡍ่݀ᡉҢǴ྽Ꭶៈྕࡋҗ

20ʚගଯԿ 60ʚǴคᐒᆫӝלނᓸம֡ࡋᒿ๱ϸᔈྕࡋቚ

уԶቚуǴԶᎦៈྕࡋ 60ʚǴᎦៈਔ໔ࣁ 7ϺǴคᐒᆫӝ

ёၲࡋᓸமל਑ϐ׷ 97.95 MPaǶฅᒿ๱Ꭶៈྕࡋຬၸ 60

ʚਔǴคᐒᆫӝלނᓸமߡࡋ໒ۈफ़եǶϑМ฻(2014)ӧ

ણྡԪᇙഢคᐒᆫӝނషᏉβϐமࡋ੝܄၂ᡍ่݀ύǴࡰ

рคᐒᆫӝނషᏉβϐלᓸமࡋᒿᎦៈྕࡋϐගܹԶቚ

уǴՠၸࡋගଯᎦៈྕࡋǴջᎦៈྕࡋຬၸ 100ʚǴคᐒ

ᆫӝނషᏉβ၂ᡏஒӢНϩᇃวǴ೷ԋϾࢰғԋϷ၂ᡏԏ

ᕭǴ٬ளלᓸமࡋफ़եǶ 

(2)Ꭶៈਔ໔ 

ӧྕࣁࡋ 70ʚϐᎦៈᕉნΠǴߏۯᎦៈਔ໔ёߦ຾ค

ᐒᆫӝϸᔈϐᏉ่ϷฯϯǴගଯคᐒᆫӝނϐԐයமࡋ(൹

МǴ2014)ǶฅԶǴӧଯྕᕉნၸߏۯࡋᎦៈਔ໔Ǵ཮ઇᚯ

คᐒᆫӝނϐ gelular่ᄬǴᏤठᏉጤԏᕭคݤ຾΋؁ᙯϯ

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

al.(2011)ӧ௖૸Ꭶៈచҹ०Ԫคᐒ܄ᆫӝނషᏉβϐமࡋ

ቹៜࣴزύǴࡰрࣁࡋྕۓڰ 70ʚǴϸᔈਔ໔ϟܭ 24~96



29 

λਔϐᎦៈచҹǴคᐒᆫӝނ၂ᡏϐלᓸமࡋǴஒᒿ๱Ꭶ

ៈਔ໔ϐߏۯԶቚуǴЪ၂ᡏϐלᓸமܭࡋᎦៈਔ໔ 96

λਔၲനଯǶ 

Slaty et al.(2013)ӧճҔNaOHᡵࢲ܄ϯᏊჹଯᔂβϐ

ᡵࢲϯ੝زࣴ܄ύǴว౜྽௓ڋᡵࢲ܄ϯᏊబуໆࣁ 16 

partsǴϸᔈྕࣁࡋ 80ʚਔǴคᐒᆫӝނϐלᓸமࡋǴஒᒿ

๱ᎦៈྕࡋϐቚуԶቚуǴЪ྽ϸᔈਔ໔ၲ 24λਔϷ 48

λਔǴלځᓸமࡋёϩձၲ 32 MPaϷ 48 MPaǶ၀ࣴࣁز

ᕕှᡵࢲϯࡕϐଯᔂβ่ᄬ੝܄ǴӢԜǴϩձଞჹଯᔂβ

Ϸคᐒᆫӝނ຾Չ 29SiϷ 27Al MAS NMRϩ݋Ǵځύҗ 27Al 

MAS NMR ϩ݋კ᛼ёว౜ǴଯᔂβϷคᐒᆫӝ֡ނӧɡ

5 ppmӸӧ 6ଛՏ᎑ϐঢ়ॶǴԶคᐒᆫӝނҭӧ 57 ppmр

౜΋ݢঢ়஥ǴᡉҢଯᔂβܭคᐒᆫӝϸᔈၸำǴ೽ϩ Al

ϐᗖ่׎Ԅஒҗ 6ଛՏᙯᡂԋ 4ଛՏǶ 

Βǵคᐒᆫӝނϐౢࠔ੝܄ϷᔈҔ܄ 

(΋)คᐒᆫӝೌמނϷౢࠔϐ੝܄ 

คᐒᆫӝೌמނӢচ਑ڗள৒ܰǴջ൤֖ SiǵAl ྍϐଯ

ᔂβǵᡂଯᔂβǵ०Ԫǵ᝗⢄ǵቲ࣒ዟǵОξԪǵН৤ఫݝ฻

Ϻฅ᝜٣܈ނ཰ቲకނǴЪᇙഢрϐคᐒᆫӝڀނԖեНϯ

዗ǵեԏᕭ/ᑩ๞܄ǵեᅖ೸܄ǵଯלᓸமࡋǵלለᡵᆭᇑǵ
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ऐଯྕǵեૈ઻/ᅹ௨฻׷਑੝܄ǶӢԜǴคᐒᆫӝೌמނς

ቶݱᔈҔܭ୘཰ǵπ཰ǵβЕπำ཰ǵ᝜཰ǵૐޜ཰ϷՐӻࡌ

ᑐ฻ሦୱǴԶࠔౢځҭቶёҔܭᆘՅНݝǵᆘՅషᏉβǵࡌᑐ

ᑄ׷ǵٛО/႖዗׷਑ǵ่ᄬံம׷਑ǵख़ߎឦ֎׷ߕ਑ǵԖ

 Ƕ(МǴ2014ߠ)਑฻ᔈҔ೼৩׷ϯڰނቲక܄৔ܫ

ԶԖᜢคᐒ܄ᆫӝނϐ׷਑੝܄ϷᔈҔ܄Ǵܭ،ڗᆫޖ᎑

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

ਔǴคᐒᆫӝނϐᆫޖ᎑ለᡶឦ 3ᆢᆛ๎่ᄬǴ׷਑ڀଯখ܄

(rigid)ǴӢԜǴё଺ࡌࣁᑐᑄ׷ǵٛО႖዗׷਑ǵԖ্ᆶܫ৔

ଯܭ਑฻Ƕ׷ϯڰނቲక܄ SiǺAl ॶ(ɧ15)ਔǴคᐒᆫӝނϐ

ᆫޖ᎑ለᡶឦ 2ᆢᆛ๎่ᄬǴڀጕࠠᆫӝނϐ׷਑੝܄Ǵё଺

਑฻׷ǵٛОऐ዗ᠼᆢፄӝڀ਑ǵSPF᎑᠗೷π׷࠾π཰ஏࣁ

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

(Β)คᐒᆫӝೌמނϐᔈҔჴᕮ 

Ҟ߻คᐒᆫӝೌמϐ୘཰ϯᔈҔύǴаݤ୯ǵऍ୯Ϸᐞࢪ

ϐҾ཰ว৖ၨڀೕኳǴԶคᐒᆫӝނϐౢࠔ໨ҞǴЬाхࡴН

਑฻Ƕа׷਑ǵٛОፄӝ׷ǵ่ᄬံம׷ᑐᑄࡌǵషᏉβǵݝ

Πջଞჹς୘཰ϯϐคᐒᆫӝᆘՅషᏉβǵ่ ᄬံம׷਑Ϸፄ

ӝ݈׷ϐ׷਑੝܄຾ՉᇥܴǶ 

1.ᆘՅషᏉβ 

ᐞܲࢪγើ࣪ Wagner ϦљғౢϐᆘՅషᏉβ(Earth 



32 

Friendly Concrete, EFC)Ǵ߯ճҔྡྷ៓ቷଯ᝗⢄Ϸᐯྡႝቷ०

Ԫ฻٣཰ቲకࣁނЬाচ਑Ǵ೸ၸคᐒᆫӝೌמ(geopolymer 

binder technology)ᇙഢϐβЕࡌᑐ׷਑(ӵკ 9)Ƕ׷਑ᇙഢၸ

ำ٬܌Ҕጤ่׷਑Ǵࢂ߾аቲకނᇙԋϐคᐒᆫӝނǴڗж

໺಍ᇙำଯૈ઻ϐݢ੝ើНݝ(Portland cement)ǶӢԜǴᇙഢ

рϐᆘՅషᏉβ׷਑ڀଯל౷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

ၨܭ໺಍షᏉβǴғౢ 1 m3மࡋ 25 MPaϐᆘՅషᏉβऊё

෧Ͽ 154 kg CO2௨ܫǴ32 MPaϐᆘՅషᏉβё෧Ͽ 184 kg 

CO2௨ܫǴ40 MPaϐᆘՅషᏉβ߾ё෧Ͽ 220 kg CO2௨ܫǶ

Զ WagnerϦљᔈҔคᐒᆫӝೌמǴ܌ғౢঋڀቲకނӆճ

ҔϷեᅹ௨/ૈ઻ϐᆘՅషᏉβ׷਑Ǵ2011ܭԃᄪᕇPremiers 

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

2.่ ᄬံம׷਑ 

ऍ୯ Milliken & CompanyηϦљ Milliken Infrastructure 

Solutions, LLCғౢϐคᐒᆫӝ׷਑ǴЬाࣁᔈҔܭϯπǵ

ϦӅ୷ᘵࡌ೛ǵ᝜཰ǴаϷҡݨϺฅ਻཰ϐᆅጕϷ่ᄬঅൺ

߻਑ǶҞ׷ Milliken Ϧљғౢϐคᐒᆫӝ׷਑Ǵ٩ᏵځᔈҔ

੝܄ёϩࣁ GeoSprayTMǵǵǵǵGeoSprayTM AMSǵǵǵǵGeoPlugTMǵ

GeoFuseTM ฻ 4 ᅿǶԖᜢ Milliken ϦљճҔคᐒᆫӝೌמǴ

ғౢϐ่ᄬঅൺံம׷਑ϐ׷਑੝܄ᇥܴǴӵკ 10 Ң܌

(Milliken Infrastructure Solutions, LLC, 2015)Ƕ 
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ଯૈ܄ᠼᆢமϯ❷਑ǴЬाᔈҔ่ܭᄬံம 

ɡচ਑ǺϺฅคᐒᆫӝނϷπ཰ቲకނǶ 

ɡ׷਑੝܄ǺଯமࡋǵեϾሜ౗Ƕ 

ɡᕉნӼӄ܄Ǻό֖शΌ౎ǵคނࢥྋрǶ 

 ЬाᔈҔܭΠНၰᆅ׷ϐלғނᆭᇑ׷਑ 

ɡ׷਑੝܄ǺଯኙԔ/ᗹӝமࡋǵל༾ғނЇ

ଆϐᆭᇑǶ 

ɡೌמ੝܄ǺזೲӼးǵեᏹբԋҁǶ 

(a) GeoSprayTM  (b) GeoSprayTM AMS 

 

 

 
ЬाᔈҔܭ༤ံᅅНϾሜϒаЗᅅ 

ɡচ਑Ǻπ཰ቲక֖ނໆଯၲ 98 %Ƕ 

ɡ׷਑੝܄Ǻёזೲᅖ೸Ε຋ᕳϷϾࢰύǶ 

ɡೌמ੝܄Ǻܰ܏ӝ/ᔈҔǵեឲዀԋҁǶ 

 ऐϯᏢ܄ЪڀԾךঅൺૈΚϐ༡਑ǴځҞޑ

 ϐ٬Ҕԃज़ނᄬ่ߏۯࣁ

ɡ׷਑੝܄Ǻל຋ǵٛНǶ 

ɡೌמ੝܄Ǻё༡թܭӚᅿࡌᑐ׷਑߄य़Ƕ 

(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׷
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(Geopolymer Composite Panel)ϐೌמ஑ճǴҞ܌߻ғౢϐค

ᐒᆫӝނፄӝ݈ࠔ׷໨Ǵхࡴ Nu-Core® A2FR Geopolymer 

Composite PanelϷ Nu-Core® FR Lite Geopolymer Composite 

PanelǴӵკ ឦཥࠠ׷ፄӝ݈ނҢǶNu-Core® คᐒᆫӝ܌11

ϐٛО݈׷(όᐯࠠ)Ǵ௦Ҕคᐒᆫӝނբ׷޻ࣁǴڀԖٛОǵ

ǴӢԜǴ܄਑੝׷य़ǵёӣԏǵᕉნ϶๓฻߄ࡋᐯǵଯமߔ

୘཰ǵܭᔈҔݱቶ߾ԃ߈཰ǴޜૐܭයЬाᔈҔ߃ೌמ਑׷

π཰ǵβЕπำ཰ǵ᝜཰ϷՐӻࡌᑐ(Nu-Core®, 2015)Ƕ 

 

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

Οǵࣴزᄬགྷ 

Ԗ᠘ܭԖਏफ़եቲక׷ྕߥ਑ೀ౛܈ೀ࿼ჹᕉნޑፂᔐǴ

аϷᖱ؃႟ቲకᆶӄၗྍϯϐว৖฼ౣǴቚ຾ቲక׷ྕߥ਑ϐ

ӄၗྍϯᔈҔǴჴࣁ྽߻ख़ाϐᕉნ᝼ᚒǴӕਔճҔቲకྕߥ
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ࢤ౜໘ࢂ਑Ǵҭ׷ϯϐᔈҔۓϯ/ᛙۓ፦ӼނԖ্ڀঋࣁ਑բ׷

ख़ाϐࣴزБӛǶӢԜǴҁीฝճҔᡵࢲϯϐคᐒᆫӝೌמǴ

჋၂ᙖҗׯᡂόӕϐᡵࢲ܄ϯᏊᅿᜪǵፓ፦όӕϯӝނಔԋǴ

аϷНϩ֖ໆ฻၂ᡍᏹբచҹǴයࡌҥቲక׷ྕߥ਑ᙯඤࣁค

ᐒᆫӝ׷਑ϐҁβϯୖೌמኧǴբࣁ҂ٰᔈҔܭԖ্ނ፦(֖ܫ

৔܄ቲకނ)Ӽۓϯ/ᛙۓϯೌמᔈҔϐୖԵ٩ᏵǶ 

ҁीฝೕჄ຾Չ࣬ᜢคᐒᆫӝೌמނ໒วᆶᔈҔࣴزϐ௖

૸Ǵ؁߃ᒧ۟ۓා(rock wool)ǵࣔ੧۟(perlite)฻׷ྕߥ਑ࣁЬा

׷ྕߥჹຝǶीฝ୺Չၸำନϩձଞჹ࣬ᜢ၂ᡍϐቲకزࣴ

਑Ǵ຾Չ୷ҁ੝܄ၗ਑ϐࡌҥᆶຑ՗ѦǴӕਔஒଞჹځϣ֖ϐ

ϯᏢԋϩ຾Չፓ፦ᆶคᐒᆫӝ၂ᡍǴаයࡌҥᆶຑ՗ঁձೀ౛

߄Ӆӕೀ౛ϐന٫ёՉᏹբచҹǶ܈ 1 ୺Չϐቲకۓीฝᔕࣁ

ϐೌמຑ՗ा໨ᆶϣ৒ϐᜢ߯Ǵ҂ٰᙖҗᔈҔុࡕ਑ᆶ׷ྕߥ

ԵໆᆶׯᡂǴຑ՗คᐒᆫӝނёՉϐᔈҔ೼৩Ƕ 
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߄ 1 ҁीฝቲక׷ྕߥ਑ϐຑ՗ा໨ᆶϣ৒(ҁीฝ༼᏾) 

 

Ѥǵࣴ؁زᡯᆶБݤ 

ҁीฝճҔᡵࢲ܄ϯᏊᆫӝคᐒԋҽᇙഢࣁཥࠠϐคᐒᆫ

ӝ׷਑ǴයԖਏஒቲక׷ྕߥ਑ᙯඤ׷ࣁ਑ǴीฝᒧҔ൤֖ޖǵ

᎑୷ϐ۟ාϷࣔ੧۟ǴࣁЬाࣴز၂ᡍ׷਑Ǵ٠ᙖҗ፾྽ᄞଛ

ഏౠᠼᆢාǵᡂଯᔂβϐፓ፦БԄǴϩձճҔ NaOHǵKOH ϐ

ᡵࢲ܄ϯᏊ຾Չ๧ࢲڗϯϸᔈǴ௖૸ᇙԋคᐒᆫӝ׷਑ϐ׷਑

੝܄Ƕҁीฝа௖૸คᐒᆫӝ׷਑ϐᇙ೷চ਑ፓ፦ᆶᏹբచҹ

 ຾Չ؁ᡯ௶ॊᇥܴӵΠǺځϷݤϣ৒ǵБزЬǴ࣬ᜢࣴࣁ

(΋)ࣴزБݤ 

ҁीฝᒧۓа֖ޖϷ᎑୷ϐ۟ාǵࣔ੧۟زࣴࣁ௖૸ჹ

ຝǶќᒧҔ൤֖᎑୷ϐഏౠᠼᆢාϷᡂଯᔂβǴբࣁፓ፦܈ᄞ

ଛϐख़ाচ਑Ƕӧᡵࢲ܄ϯᏊᒧ᏷΢Ǵҁࣴ߯زᒧҔપᡵྋన

ϐ NaOHϷ KOHǶԶ߻ॊ۟ාǵࣔ੧۟ǵഏౠᠼᆢා฻ 3 ᅿ

ᡵࢲ܄ϯᏊ 

ᏹբచҹ௓ڋ 

চ਑੝܄௓ڋ 

 ਑ೕጄຑ՗׷

ᕉნӼӄຑ՗粘

෧ᅹਏ੻ຑ՗粘ճҔፓ፦Бݤ 

ຑ՗ा໨粘ຑ՗ϣ৒粘׷਑

ǸԾҗН粘

Ǹלᓸமࡋ粘

Ǹᛅᘠ౗粘

ǸऐН܄粘

Ǹऐং܄粘

Ǹऐᒟ৔܄粘

۟ා 

੿੧۟粘

ഏౠᠼᆢා粘

ᔈҔೌמϐԵໆ粘

ᡂଯᔂβ粘
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Ǵаග݋Ϸ༾ᢀಔᙃϩ܄ϯ੝ނ਑ϷᡂଯᔂβǴஒ຾Չ׷ྕߥ

ዴᇡ҂ٰᔈҔϐӼࣁ਑ፓ፦ϐ୷ᘵၗ਑ǶԜѦǴ׷คᐒᆫӝٮ

ӄ܄Ϸೀ౛ၸำύёૈϐᡂ୏੝܄Ǵҁࣴزҭ຾΋؁ଞჹ၂ᡍ

 Ƕ݋຾ՉϩࡋឦᕴໆϷྋрᐚߎ਑ϐϯᏢಔԋǵख़׷

(Β)ჴᡍ೛ഢᆶᏹբచҹ 

Ԗᜢ׷ྕߥ਑ᙯඤคᐒᆫӝ׷਑ϐፓ፦БݤǴ߯ ߥॊ߻٩

Ǵӵٯ਑ϐషӝК׷؁ஒ߃Ǵ่݀݋ϩ܄ϯ੝ނ਑ϐ୷ҁ׷ྕ

߄ Εܫ਑׷Ǵஒ၂ᡍࡕٯ፾྽ϐᄞଛКۓҢǶᒧ܌2 105ʚ੗

ଳύ຾Չଳᔿ٠ࣴᑃǶӆϩձճҔપࣁࡋ 95%ϐ NaOH(৞ΐ

ᛰࠔਲ਼М཮ޗ)ǵ85%ϐ KOH(ᖄπϯᏢቷިҽԖज़Ϧљ)ڰᡏ

ᗭಈǴଛᇙᐚࣁࡋ 4M ϐᡵࢲ܄ϯᏊǶ೛ࢬޔۓᠳ܏Ꮤϐᙯೲ

500 rpmǴషӝᠳ܏၂ᡍ׷਑Ϸᡵࢲ܄ϯᏊ 1λਔϷ 6λਔǴ

ஒషӝࡕϐዀᡏ༤Εޔ৩ࣁ 2.5cmǴଯࣁࡋ 5.0cmϐ༝׎ࢊ၂

ᡏኳǶௗ๱ஒ၂ᡏᙟᇂ༟ጤጢǴ٠࿼ܭ੗ጃύаྕࡋ 60ʚǴ

຾Չ 24λਔϐႣᎦៈǶ࿶ႣᎦៈࡕϐ၂ᡏǴӆ࿼ࡋྕܭ 25ʚǵ

࣬ჹྒྷࡋ 75%ϐࡡྕࡡᔸᕉნύᎦៈ 7 ϺࡕಥኳǴෳ၂၂ᡏ

Ꭶៈܭ 7ǵ14ǵ21ǵ28ǵ56Ϸ 100ϺϐלᓸமࡋǶԖᜢᇙഢค

ᐒᆫӝ׷਑ϐࢬำკǴӵკ  ҢǶ܌12
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߄ 2 ҁीฝ၂ᡍ׷਑ᆶᡵࢲ܄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 12ᇙഢคᐒᆫӝ׷਑ϐࢬำკ 

(Ο)຾Չ؁ᡯ 

ྋ܄੝܄ࢥឦᕴໆϷߎ፦ǵख़܄ϐ୷ҁނාᜪቲకྕߥҥࡌ.1

р੝܄฻ङඳၗ਑Ƕ 

2.ճҔ ICPǵXRD Ϸ SEM฻ϩྕߥ݋ාᜪቲకނϐϯᏢಔԋǵ

 ᅿϷ༾ᢀಔᙃǴࣴᒧ፾ӝϐёૈᄞଛଛКጄൎǶނ

3.຾Չ׷ྕߥ਑ᇙഢคᐒᆫӝ׷਑ϐಔԋచҹǵፓ፦ᆶᏹբచ

ҹჴᡍǶ 

4.ϩ݋ᔠ૸ჴᡍᏹբచҹᆶคᐒᆫӝ׷਑ϐ੝܄ᆶೕጄǶ 

5.ᆕӝຑ՗ٮ၂׷ྕߥ਑Ǵӧᇙഢคᐒᆫӝ׷਑ϐಔԋᆶፓ፦

۟ා/੿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 

ϖǵϩ݋໨ҞᆶБݤ 

ҁ࿯Ьाࣁଞჹࣴ٬܌زҔϐ׷ྕߥ਑຾Չ୷ҁ܄፦Ǵ٠

ჹځᇙԋϐคᐒᆫӝ׷਑຾Չ੝܄ϩ݋ǶԶҁࣴࣁزຑ՗คᐒ

ᆫӝ׷਑੝܄Ǵ׳຾΋؁ଞჹ၂ᡍ׷਑Ϸคᐒᆫӝ׷਑຾Չ

XRD ǵSEM༾ᢀ่ᄬϷ݋ᅿϩނ FTIR ϩη่ᄬϩ݋ǶаΠϩ

ձଞჹЬाϩ݋໨ҞϷБݤᙁॊӵࡕǶ 

(΋)၂ᡍ׷਑୷ҁ܄፦ϩ݋ 

Ԗᜢҁࣴ٬܌زҔϐ۟ාǵࣔ੧۟ǵഏౠᠼᆢා฻ 3ᅿߥ

࿿ᕉߥଣᕉࡹ٩ᏵՉࣁǴݤБ݋፦ϩ܄਑Ϸᡂଯᔂβ୷ҁ׷ྕ

ᔠ܌Ϧ֋ϐ኱ྗБݤǴϩ݋໨Ҟхࡴ pHǵΟԋϩǵϯᏢಔԋǵ

໨Ҟ݋ྋрำׇǵಈ৩ϩѲ฻ǶаΠϩձଞჹЬाϩ܄੝܄ࢥ

ϷБݤᙁॊӵࡕǶ 

1. pH [NIEA R208.03C] 

(1)ગڗ 20.0 gኬܭࠔ 250 mLᐨ݆ϣǴуΕ 100 mLᇃᚖН

ᠳ܏ 5ϩដǶ 

(2)ᓉ࿼షӝనऊ 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(%) 

W1Ǻ࿼Ε੗ጃ߻ϐኬࠔख़ǹW2Ǻ࿶ 105ʚǴԿϿ 2 λ

ਔа΢ϐ੗ଳਔ໔Ǵډޔೱុٿԛኬࠔગख़ϐख़ໆৡλܭ

ЗǹW3Ǻ࿶ࣁ% 0.5 800 ʚଯྕ᝗กϯ 3λਔࡕԪख़Ƕ 

3.ಈ৩ϩթ 

ϩձஒ၂ᡍ׷਑а᎜୏ᑔᆛၸᑔБԄ຾Չಈ৩ϩ݋Ǵᑔ

ᆛ٩ಈ৩εԿλࣁ٩ׇǺȾ40(420 µm)ǵȾ100(149 µm)ǵȾ

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

ϷȾ400(37 µm)Ǵ࿶җਁ୏ၸᑔ 20 ϩដࡕǴગڗ੮ӧᑔᆛ

΢ϐ׷ྕߥ਑ख़ໆǴीᆉр੮ᑔКϷಕᑈ੮ᑔКǴᛤᇙрಈ

৩ϩթკǶ 

4.ख़ߎឦᕴໆ੃ϯ [NIEA R317.10C] 

ख़ߎឦᕴໆϩࢂ݋аՉࡹଣᕉნߥៈ࿿܌Ϧ֋ NIEA 

R317.10C Ȩ٣཰ቲకނ๧рనύख़ߎឦᔠෳБݤ-༾ݢᇶշ

ለ੃ϯݤȩ຾Չ༾ݢ੃ϯำׇǶ 

 [NIEA R201.13C] (TCLP)ݤྋрำׇБ܄੝܄ࢥ.5

Ϧ֋܌ៈ࿿ߥଣᕉნࡹаՉࢂݤྋрำׇБ܄੝܄ࢥ
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ϐȨ٣཰ቲక܄ࢥނ੝܄ྋрำׇȩ຾Չڰᡏ׷਑ख़ߎឦྋ

рჴᡍǶྋрనၸᘠለ੃ϯࡕǴճҔགᔈጠӝႝዀӀ᛼ሺ

(ICP-OES,ऍ୯ OPTIMA 2000DV)܈ОฃԄচη֎ԏӀ᛼ሺ

(VARIAN S2400)ෳۓख़ߎឦ֖ໆǴаᕕှচ਑ࢂցԖၲډ

 ϐค্ϯ኱ྗǶۓݤ

(Β)คᐒᆫӝ׷਑੝܄ϩ݋ 

ҁࣴزคᐒᆫӝ׷਑੝܄ϩ݋ϐᔠෳೕጄϷ኱ Ǵྗ߯ ٩Ᏽ

Չࡹଣচηૈہ঩཮ܭ 92 ԃ 9 Д 10 ВวѲࡼՉǴܭ٠ 101

ԃ 7Д 9Вঅ҅ϐȨեܫ৔܄ቲకނനಖೀ࿼Ϸځ೛ࡼӼӄᆅ

౛ೕ߾ȩಃ 5 చǵಃ 6 చǴаϷ߄ߕΟ-եܫ৔܄ቲక֡ނϬ

ǵ܄Ǵ຾ՉԾҗНǵऐОۓϷ኱ྗϐೕݤϯᡏෳ၂໨ҞǵБڰ

฻ϩ܄ǵऐ๵܄ǵऐᒟ৔܄ǵऐং܄ǵᛅᘠ౗ǵऐНࡋᓸமל

ϯᡏǴӢڰ܄คᐒࣁ਑׷ᇙഢϐคᐒᆫӝزǶฅԵໆҁࣴ݋

ԜǴஒόଞჹ׷਑ϐऐО܄Ϸऐ๵܄຾Չ၂ᡍǶаΠϩձଞჹ

Ьाϩ݋໨ҞϷБݤᙁॊӵࡕǶ 

1.ԾҗН [ANSI/ANS55.1] 

Ҟෳղۓ၂ᡏࢂցԖԾҗНӸӧǴऩԖԾҗНӸӧߡа

৒Ꮤуаԏ໣Ǵ٠ໆෳځᡏᑈϷ pHॶǶ 

 [ASTM-C39] ࡋᓸமל.2

٬Ҕൂືࡺৡ౦ǴࡋϐமࡕᕕှόӕచҹǴ၂ᡏϸᔈࣁ
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ൂܭ࿼ܫஒ၂ᡏࢂݤǶ၂ᡍБࡋᓸமל၂ᡏۓᓸ၂ᡍᐒෳל

ΚॶǴӆନаڙനεڗᓸѳѠϒауᓸǴ၂ᡏઇ࿗ਔ᠐לື

၂ᡏᄒय़ᑈջё؃ளǴځीᆉϦԄӵΠǺ 

= (kgf/cm2)ࡋᓸமלືൂ
A 

P  

Pɨ၂ᡏઇ຋ਔനε಻ख़(kgf)ǹAɨനε಻ख़ϐᐉᘐय़ᑈ 

(cm2)Ƕ 

3.ᛅᘠ౗ [ANSI/ANS16.1] 

၂ᡏᇙഢၸำబуฮለ⿉ǵฮለ⥴ϷฮለႃǴబуКܭ

ᇙբֹԋਔǴӃࠔϯᡏ၂ڰܭ਑ϐ࿤ϩϐ΋Ƕ׷၂ᡍࣁ֡ٯ

ीᆉр؂΋ঁ၂ܫ֖܌ࠔ৔܄ਡᅿϷᕴܫ৔܄மࡋ apǶ၂ᡏ

࿶ࡡྕࡡᔸᎦៈ 28 ϺࡕǴ٩Ᏽऍ୯ਡૈڐ཮ࡌ᝼ϐ

ANSI/ANS16.1຾Չᛅᘠ౗၂ᡍǶջஒ၂ᡏ੆ܭݰѐᚆηᇃ

ᚖНύǴځ٬ዎᔸऊ 30 ϐѐݰǴ٠ஒ੆ࠔр၂ڗҥջࡕࣾ

ᚆηНڗኬीෳӚਡᅿϐᕴܫ৔܄மࡋ arǴҗ ap-arջё؃ள

၀၂ࠔϐ܄ࢲ߃மࡋ a0Ƕ၂ࠔ࿶΢ॊ 30 ࣾዎᔸࡕǴջख़ཥ

ಃݰ੆ܭඤ฻ໆϐѐᚆηНǴ׳ 1 Ϻܭϸᔈਔ໔ಃ 2ǵ7ǵ

24 λਔǴ຾ՉѐᚆηᇃᚖН௦ኬϷ׳ඤǹಃ 2~5 ϺǴ؂߾

24λਔڗኬϷඤН 1ԛǴܭಃ 19Ϻǵಃ 47ϺϷಃ 90Ϻ຾

ՉڗኬϷඤНǶϩ݋Нኬϐႃǵ⥴ǵ⿉ᐚࡕࡋǴीᆉ߻ॊ 3
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ᅿਡᅿϐྋрࡰኧǶ 

่݀ϩ݋Ǻట؃ளྋрࡰኧǴ໪Ӄ؃ளڰϯᡏϐԖਏᘉ

ණ౗ǴԶԖਏᘉණ౗ёҗΠӈޑ፦ໆ໺ଌБำԄٰ߄ҢǺ 

 

 ύځ

DǺԖਏᘉණ౗(cm2/s)Ƕ 

anǺਡᅿԾ၂ࠔӧಃ nԛྋр໔႖ਔញܫрϐ܄ࢲ(͔Ci)Ƕ 

a0Ǻਡᅿӧ၂ࠔύಃ΋ԛྋр໔႖໒ۈϐ܄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 tnǺ੆ݰԿಃ nԛྋр໔႖ਔ໔(sec) 

    tn-1Ǻ੆ݰԿಃ n-1ԛྋр໔႖ਔ໔(sec) 

аीᆉ܌ளѳ֡ਔ໔жΕǴ؃ளڰϯᡏϐԖਏᘉණ౗ 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܄ 

ஒ၂ᡏܭதྕΠǴ੆ܭݰѐᚆηᇃᚖНύᆢ࡭ 90 Ϻࡕ

य़Ԗ߄၂ᡏۓǴҞෳղڹΠଳᔿၸྕ࠻ܭрǴௗ๱ᡣ၂ᡏڗ

ควғᓫ຋ǵઇ࿗ǵᡂ׎౜ຝࡕǴаൂືלᓸ၂ᡍᐒෳۓ၂

ᡏלᓸமࡋǶ 

5.ऐং܄ 

ஒ၂ᡏ࿼ܭऐং܄၂ᡍచҹϐྕᔸࡋෳ၂࠻ύǴ࿶ 30

ঁຼයǴӅी 180λਔϐ 60ʚଯྕϷեྕ-10ʚൻᕉᡂϯࡕǴ

аൂືלᓸ၂ᡍᐒෳۓ၂ᡏלᓸமࡋǶԶԖᜢऐং܄၂ᡍϐ

߄ǴӵۓϷਔ໔೛ࡋǵᔸࡋྕ  ҢǶ܌3
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߄ 3 ऐং܄၂ᡍϐྕࡋǵᔸࡋϷਔ໔೛ۓ 

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৔܄ 

ஒ၂ᡏ࿼ܭᒟ৔ྣ৔೛ࡼύǴаᒟ৔Ꮚໆ౗όεܭ

2×103 Gy/hϐ Co-60уଭ৔ྍྣ৔၂ᡏǴ٬၂ᡏ֎ԏᏊໆၲ

106 Gyа΢ࡕǴҞෳղۓ၂ᡏ߄य़Ԗควғᓫ຋ǵઇ࿗ǵᡂ

 Ƕࡋᓸமל၂ᡏۓ౜ຝǴӆෳ׎

(Ο)คᐒᆫӝ׷਑඲࣬Ϸ่ᄬϩ݋ 

1.Ӏણ҃ᙅ৔ϩ݋(X-Ray Differactometer, XRD) 

X Ӏણ҃ᙅ৔ϩ݋ሺ(HRXRD D8SSS, Bruker Co.)Ьा

٩Ᏽ Bragg’s Law(λ=2d’sinθ/nǴnǺҺཀ᏾ኧǴdǺय़ຯᚆǴθǺ

Ε৔ف)ϐচ౛ٰղނځۓᅿϐࠠᄊǴԜ၂ᡍ໪Ӄஒᐨ่၂

ᡏ࿶җઇ࿗ǵࣴᑃԋણ҃ࡕރ຾Չނᅿ᠘ۓǶҁࣴزϐᏹբ

చҹႝࣁᓸ 40 kVǵႝࢬ 100 mAǵCuႢǵKα৔ጕǵNi ᘠ
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Тǵ2θفᙅ৔ࡋف 10°~90°ǵ௟ඔೲ౗ࣁ 0.05°2θ/secǶ௟ඔ

рϐკ᛼ёճҔ D-500ၗ਑ೀ౛೬ᡏϷ JCPDSၗ਑৤ϐၗ

਑Ǵ຾Չނᅿ᠘ۓǶ 

2.༾ᢀ่ᄬᢀჸ(Scanning Electron Microscope, SEM) 

௟ᅲԄႝηᡉ༾᜔(Вҁ HITACHI S3000N)ЬाࢂճҔ

ଯૈໆႝޑηᆫ໣Ӏ״௟ᅲኬ߄ࠔय़ǴճҔ҅ୃૻဦԏ໣Ꮤ

ஒΒԛႝηౢғϐեૈໆᙯඤԋёᡉҢܭ഍ཱུᆅϐૻဦǴӵ

ԜౢૈߡғቹႽԶуаᢀෳǶ຾Չ SEM ቹႽᢀჸ߻ǴѸ໪

Ӄஒ၂ᡏ߄य़ᗓ܈ߎᙟаҡᏀǴ٬ႝη״Ѻӧ၂ᡏૈࡕᏤ

ႝǶ 

3.ഡҥယᙯඤआѦӀ᛼ϩ݋ (Fourier transform infrared 

spectroscopy, FTIR) 

ഡҥယᙯඤआѦӀ᛼ሺ(PerkinElmer)߯ ճҔϯӝނϩ

ηύૈ۔ޑ୷ౢғϩη໔ਁ୏܈ᙯ୏ኳԄਔǴ֎ԏ੝ߏݢۓ

аआѦࢂфҔځ୷ҁ่ᄬǴޑआѦӀচ౛ԶҔٰᢀჸϩηޑ

ӀΕ৔ኬࠔǴኬྣڙࠔ৔ౢ܌ғϐӀႝࢬ࿶ၸഡҥယᙯඤϐ

ၮᆉԶ׎ԋኬࠔϐआѦӀ֎ԏᓎ᛼Ǵᙖа຾Չኬࠔϐ܄ۓᆶ

ϐໆෳጄൎزǶҁࣴ݋ໆϩۓ 400 cm-1~4,000 cm-1Ǵှࡋ݋

നଯёၲ 1.0 cm-1Ƕ߄  ໨ҞϷ኱ྗǶ݋᏾Ьाϐϩ༽ࣁ4
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߄ 4 ၂ᡍ໨ҞБݤϷ኱ྗ 

ෳ၂໨Ҟ ෳ၂Бݤ ݤೕ኱ྗ/ೕጄ 

試
驗
材
料
基
本
性
質
分
析 

pH NIEA R208.03C -粘

Οԋϩ NIEA R205.01C -粘

ಈ৩ϩթ 
࿶җਁ୏ၸᑔ 20ϩដࡕǴગڗ੮ӧ

ᑔᆛ΢ϐ׷ྕߥ਑ϐख़ໆǶ 
-粘

ख़ߎឦᕴໆ੃ϯ NIEA R317.11C -粘

ྋрำ܄੝܄ࢥ

ׇ 
NIEA R201.13C 

ྋр኱ྗ(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܄ 
ϯᡏ໪੆Нڰ 90Ϻࡕෳ၂לᓸமࡋ

(தྕΠ)Ƕ 

ܭᔈεࡋᓸமל 15 kgf/cm2Ƕ 

ऐং܄ 
ෳ၂ࡕൻᕉᡂϯࡋϯᡏ࿶ྕǵᔸڰ

 Ƕࡋᓸமל

ܭᔈεࡋᓸமל 15 kgf/cm2Ƕ 

ऐᒟ৔܄ 

ϯᡏаڰ Co-60 ϐуଭᒟ৔ྣ৔Ǵ

֎ԏᏊໆၲ΋ԭ࿤Љႜ(Gy)ࡕෳ၂

 Ϸਡᅿᛅᘠ౗Ƕࡋᓸமל

ܭᔈεࡋᓸமל 15 kgf/cm2Ƕ 

物
種
鑑
定
及
結
構
分
析 

඲࣬ނᅿ᠘ۓ 
X Ӏᙅ৔ϩ݋ሺᢀჸ᠘ۓচ਑Ϸ׷

਑ϐނᅿᡂϯ௃׎ 
- 

༾ᢀ่ᄬ ௟ᅲႝηᡉ༾᜔ᢀჸ၂ᡏ߄य़ᄬ೷ - 

ϩη่ᄬ 
ഡҥယᙯඤआѦӀ᛼ሺᢀჸϩηޑ

୷ҁ่ᄬ 
- 

-Ǻคݤೕ኱ྗ܈ೕጄा؃Ƕ
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ୖୖୖୖǵǵǵǵЬाว౜ᆶ่ፕЬाว౜ᆶ่ፕЬाว౜ᆶ่ፕЬाว౜ᆶ่ፕ 
ҁीฝЬाճҔ۟ා(Rock wool)ǵࣔ੧۟(Perlite)฻ 2ᅿྕߥ

όࡴϐᏹբచҹΠǴхೌמނচ਑Ǵ௖૸ӧόӕคᐒᆫӝࣁ਑׷

ӕ Si/Al ವԸКǵబуᏊ(ഏౠᠼᆢාǵᡂଯᔂβ)ǵᡵࢲϯᏊᅿᜪ

ϷᎦៈਔ໔Ǵჹᇙഢрϐคᐒᆫӝ׷਑ϐ੝܄ᡂϯቹៜǶԖᜢҁ

ीฝ୺Չၸำ٬܌Ҕϐ၂ᡍ׷਑੝܄ၗ਑ǴаϷคᐒᆫӝ׷਑ᇙ

ഢచҹᆶ׷਑੝܄ϩ่݀݋Ǵஒ༼᏾ϩॊܭаΠӚ࿯Ƕ 

΋ǵࣴ׷ز਑୷ҁ܄፦ϩ݋ 

ҁ࿯Ьाଞჹ၂ᡍ׷਑Ǻ۟ාǵࣔ੧۟ϷబуᏊǺഏౠᠼ

ᆢාϷᡂଯᔂβǴ຾Չނϯ੝܄ϩ݋Ǵϩ݋໨Ҟхࡴ pHॶǵΟ

ԋϩǵϯᏢಔԋǵTCLPᐚࡋǵಈ৩Ϸ XRD ඲࣬᠘ۓ฻Ǵ૟ஒ

่݀ϩ݋ӵΠǺ 

(΋)୷ҁ܄፦ϩ݋ 

Ԗᜢ୷ҁ܄፦ϩ݋೽ϩǴࣁଞჹ၂ᡍ׷਑ϐ pHǵΟԋϩǵ

ϯᏢಔԋǵTCLPᐚࡋϐϩ่݀݋຾ՉᇥܴǶਥᏵ߄ 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

ᡉҢǴ۟ාǵࣔ੧۟ǵഏౠᠼᆢාϷᡂ่݀݋਑Οԋϩϐϩ׷

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 

ාǵ۟݋຾΋؁ϩ׳Ϸ᎑֖ໆǴҁ࿯ޖ਑ϐ׷ྕߥᕕှࣁ

ࣔ੧۟ǵഏౠᠼᆢාϷᡂଯᔂβϐϯᏢಔԋǶϩ่݀݋ᡉҢǴ
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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

ᆢාϷᡂଯᔂβ฻׷਑Ǵځ Si/Al ವԸКࣁ٩ׇ 2.63ǵ6.53ǵ

0.54Ϸ 2.48Ƕҗ߻ॊϩ่݀݋Ǵё᛾ჴ۟ාǵࣔ੧۟ǵഏౠᠼ

ᆢාϷᡂଯᔂβǴዴჴࣁ൤֖ޖǵ᎑ϡનǴё຾΋؁բࣁคᐒ

ᆫӝނ๧ᇙϷԋࠠزࣴೌמϐচ਑Ƕ 

߄ 5 ၂ᡍ׷਑ϐ୷ҁ܄፦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.ჴᡍϩ݋ኧᏵࣁ຾Չ 3ख़ᙟϩ݋ϐѳ่֡݀Ƕ 

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

Ԗᜢ၂ᡍ׷਑ϐ܄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/LǶԶ၂ᡍ׷਑ϐ᎕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.Ƕ᏾ᡏԶقǴҁ၂ᡍϐ׷

਑Ӛ໨ख़ߎឦ TCLPྋрᐚࡋǴ֡಄ӝ౜Չϐݤೕ኱ྗǶ 

 

߄ 6 ၂ᡍ׷਑ϐ܄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.ჴᡍϩ݋ኧᏵࣁ຾Չ 3ख़ᙟϩ݋ϐѳ่֡݀Ƕ 

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

 

(Β)ಈ৩ϩթ 

ҁ࿯ஒଞჹ၂ᡍ׷਑຾Չಈ৩ϩ݋Ƕҗ߄ 7ϐϩ่݀݋ᡉ

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 13၂ᡍ׷਑ϐϩթԔጕளޕǴ۟ාǵࣔ੧۟ǵഏౠᠼᆢා

Ϸᡂଯᔂβϐύॶಈ৩(D50)Ǵϩձࣁ 65.87 µmǵ76.30 µmǵ

139.97 µmϷ 197.74 µmǶԖᜢ၂ᡍ׷਑၁ಒϐಈ৩ಕᑈϩթ

௃׎Ǵӵ߄ 8Ϸკ  ҢǶ܌13

 

߄ 7 ၂ᡍ׷਑ಈ৩ϐख़ໆϩթКٯ 

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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კ 13 ၂ᡍ׷਑ϐಈ৩ख़ໆϩթᆶಕᑈಈ৩ϩթԔጕკ 

 

(Ο)ނᅿ᠘ۓϷ༾ᢀ่ᄬϩ݋ 

ճҔزᅿᅿᜪǴࣴނ਑ϐ׷຾΋؁௖૸၂ᡍࣁ X Ӏᙅ৔ϩ݋

ሺ(XRD)຾Չ่ځ඲࣬ނᅿ᠘ۓǴҗკ 14 ่݀ёޕǴ۟ාǵࣔ੧

۟ᆶഏౠᠼᆢාࣣނࣁᅿ඲࣬όܴᡉǴឦߚܭ඲፦่ᄬǴჹܭคᐒ

ᆫӝϸᔈڀԖଯ܄ࢲϷܰϸᔈ܄ǶԶᡂଯᔂβϐЬा่඲ނᅿࣁΒ

਼ϯޖǶ 

ќճҔ௟ඔԄႝηᡉ༾᜔(SEM)ᢀჸ၂ᡍ׷਑ϐ༾ᢀ่ᄬ(კ

15)Ǵёว౜۟ාᆶഏౠᠼᆢාϐᗭಈ߄य़Ǵ֡և౜చރǴԶࣔ੧

۟ාᆶᡂଯᔂβϐᗭಈ߄य़Ǵ߾և౜όೕ߾ϐރ׎Ƕ 
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კ 14 ၂ᡍ׷਑ϐ඲࣬ނᅿ᠘ۓϩ่݀݋ 

 
(A)۟ා 

 
(B)ࣔ੧۟ා 

 
(C)ഏౠᠼᆢා 

 
(D)ᡂଯᔂβ 

კ 15 ၂ᡍ׷਑ϐ༾ᢀ่ᄬϩ่݀݋ 
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Βǵคᐒᆫӝނϐ੝܄ϩ่݀݋ 

ҁ࿯Ьाଞჹคᐒᆫӝނ຾Չނϯ੝܄ϩ݋Ǵځύ၂ᡍ໨

ҞЬाࣁԾҗНǵऐО܄ǵלᓸமࡋǵᛅᘠ౗ǵऐН܄ǵऐং

ᇙഢϐคᐒᆫӝزǶฅԵໆҁࣴ݋฻ϩ܄ǵऐ๵܄ǵऐᒟ৔܄

Ϸऐ܄ϐऐОނϯᡏǴӢԜǴஒόଞჹคᐒᆫӝڰ܄คᐒࣁނ

๵܄຾Չ၂ᡍǴЪ၂ᡏܭᎦៈය໔٠คԾҗНǴҭόଞჹԾҗ

Н၂ᡍ຾ՉᇥܴǴԜѦǴऐᒟ৔܄၂ᡍǴςஒ၂ᡏଌԿਡࣴ܌

Ӽ௨ϩ݋Ǵ୷ܭਔำǴ೽ҽऐᒟ৔၂ᡍ໨ҞҭคݤᇥܴǶаΠ

ϩձჹܭЬाϩ݋໨Ҟϩ݋ӵΠǺ 

(΋)۟ා๧ᇙࣁคᐒᆫӝނϐ੝܄ϩ่݀݋ 

۟ාа 4 MᐚࡋϐNaOHϷ KOHբࣁᡵࢲ܄ϯᏊ๧ᇙࣁ

คᐒᆫӝނ，่݀ᡉҢ๧ᇙਔ໔௓ࣁڋ 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 ࣁᡂ๧ᇙਔ໔ׯҢ)Ƕ຾΋؁܌ 6 λਔǴ჋၂

௖૸๧ᇙਔ໔ቚуჹคᐒᆫӝނமࡋ੝܄ϐቹៜǴࣴ ᡉ่݀ز

ҢǴа NaOH คᐒᆫځ，๧ᇙਔ໔ቚу，ٯࣁϯᏊࢲ܄ᡵࣁ

ӝނϐம٠ࡋคܴᡉϐቚу，ځᎦៈಃ 7Ϻϐ၂ᡏமࡋᗨ಄ӝ

ೕጄा؃，ฅ໻ऊࣁ 24 kgf/cm2，Ъ၂ᡏ߄य़ܴᡉԖқᗩౢғ

(ӵკ 17 Ϸკ 18)Ƕុࡕჴᡍబу 0.5%ϐᕗለΒణ᎑຾Չፓ

፦，ό໻ׯ๓คᐒᆫӝނ၂ᡏ߄य़ϐқᗩୢᚒ，ӕਔלᓸமࡋ

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

Կܭа KOH ϯᏊϐ၂ᡍ่݀ᡉҢǴ๧ᇙϐคᐒࢲ܄ᡵࣁ

ᆫӝނᎦៈಃ 7 ϺਔǴלځᓸமࡋςёၲډ 136 kgf/cm2Ǵ྽

ᎦៈԿಃ 28ϺਔǴלᓸமࡋёቚуԿ 193 kgf/cm2Ƕុࡕ၂ᡍ

ӆа 0.5%ϐᕗለΒణ᎑຾Չፓ፦Ǵځคᐒᆫӝނ၂ᡏϐமࡋ

٠คܴᡉϐቚуǴځ໻ऊவᎦៈಃ 7 Ϻϐ 145 kgf/cm2ቚуԿ

Ꭶៈಃ 28Ϻϐ 200 kgf/cm2(ӵკ ࢲ܄ǴᡵقҢ)Ƕ᏾ᡏԶ܌19

ϯᏊ KOH ჹ۟ා๧ᇙࣁคᐒᆫӝނϐਏ݀ၨ٫Ǵబуፓ፦Ꮚ

Ԗշׯܭ๓ NaOH๧ᇙϐคᐒᆫӝނமࡋǴฅჹගܹ KOH ๧

ᇙϐคᐒᆫӝނமࡋϐቹៜ߾ၨόᡉ๱Ƕ 
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კ 16 ۟ා๧ᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(๧ᇙਔ໔ 1 λਔ) 

 



58 

0 5 10 15 20 25 30 35
0

30

60

90

120

150

180

210

240

270

300
Rock wool (Si/Al=2.63)  NaOH

 KOH

 

 

C
om

pr
es

si
ve

 S
tr

en
gt

h 
(k

gf
/c

m
2 )

Curing Time (days)

 

კ 17 ۟ා๧ᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ(๧ᇙਔ໔ 6 λਔ) 

 

 

კ 18 ۟ා๧ᇙࣁคᐒᆫӝނϐѦᢀკ(4M NaOHǵ๧ᇙਔ໔ 6λਔǵ

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

 

ќ΋Бय़Ǵ߻ॊ๧ᇙϐคᐒᆫӝނǴ࿶ऐং܄ǵऐН܄Ϸ

ऐᒟ৔܄၂ᡍࡕǴלځᓸமࡋϝёᆢ࡭ӧ 70 kgf/cm2 а΢(ӵ

߄ 8Կ߄ 10)ǴԜѦǴᛅᘠ౗၂ᡍϐਡᅿႃǵ⿉ǵ⥴ϐྋрࡰ

ኧࣣࣁ 8.85~8.89ϐ໔(ӵ߄ 11)Ǵ֡಄ӝ኱ྗೕጄϐा؃Ƕ 

კ20۟ࣁා๧ᇙࣁคᐒᆫӝނ࿶Ꭶៈ28ϺϐЬा඲࣬ނ

ᅿϩ݋Ǵ่݀ᡉҢ۟ාа 4M ᐚࡋϐ KOH բࣁᡵࢲ܄ϯᏊ๧

ᇙࣁคᐒᆫӝނǴځ๧ᇙਔ໔௓ࣁڋ 1λਔϷ 6λਔϐคᐒᆫ

ӝނǴЬाϐނᅿ֡ࣁБှҡ(CaCO3)Ƕќа௟ඔႝηᡉ༾᜔

ᢀჸ۟ා๧ᇙࣁคᐒᆫӝނϐ༾ᢀ่ᄬ(კ 21)Ǵёว౜όӕ๧

ᇙచҹ܌ᇙԋޑคᐒᆫӝނǴ߄ځय़֡ԖߏచރࢊϷόೕ׎߾

 ϐ༾ᢀ่ᄬǶރ

຾΋؁ճҔआѦጕӀ᛼ሺ(FTIR)ϩ݋Ǵ࿶Ꭶៈ 28 Ϻϐ۟

ා๧ᇙޑคᐒᆫӝނǴ่݀ᡉҢǴόӕᡵࢲ܄ϯᏊ(NaOHǵ

KOH)Ϸόӕ๧ᇙਔ໔(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-1Ԗܴᡉϐ่඲Нǵ-OHϷ Si-Hਁ୏Ƕ 

 

 

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 

ຏǺלᓸமࡋ኱ྗॶǺ15 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
ຏǺלᓸமࡋ኱ྗॶǺ15 kgf/cm2Ƕ 
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߄ 10 ۟ා๧ᇙࣁคᐒᆫӝܭނऐᒟ৔၂ᡍࡕϐלᓸமࡋ 

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҂ڗள่݀ǹלᓸமࡋ኱ྗॶǺ15 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
ຏǺᛅᘠ౗ྋрࡰኧ኱ྗॶǺ6 
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კ 20 ۟ා๧ᇙࣁคᐒᆫӝނϐ඲࣬ނᅿ᠘ۓϩ่݀݋ 
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(A) 4M NaOHǵ๧ڗ 1λਔ 

 

(B) 4M NaOHǵ0.5wt.%ᕗለΒణ

᎑ǵ๧ڗ 6λਔ 

 

(C) 4M KOHǵ๧ڗ 1λਔ 

 

(D) 4M KOHǵ๧ڗ 6λਔ 

 

(E) 4M KOHǵ0.5wt.%ᕗለΒణ᎑ǵ๧ڗ 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)ࣔ੧۟ා๧ᇙࣁคᐒᆫӝނϐ੝܄ϩ่݀݋ 

ࣔ੧۟ාа 4M ᐚࡋϐ NaOHϷ KOH բࣁᡵࢲ܄ϯᏊϐ

ǴҭջނคᐒᆫӝࣁԖਏ๧ᇙݤᡉҢǴࣔ੧۟ා֡ค่݀زࣴ

ࣔ੧۟ා໪࿶ၸ፾྽ፓ፦ࡕǴБૈၲុࡕډคᐒᆫӝނϐᔈ

ҔǶࣴ ϯᏊ฻БԄࢲ܄ᡂᡵׯϷٯၸำ჋၂ճҔόӕబуКز

຾Չ௖૸Ǵ่݀ᡉҢஒ 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

Ǵ჋၂௖૸ஒࡋϐமނॊคᐒᆫӝ߻຾΋؁ගܹࣁ 50%

۟ාǵ30%ࣔ ੧۟ාᆶ 20%ഏౠᠼᆢාӅӕ๧ᇙ 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

ԜѦǴ჋၂а 50%ࣔ ੧۟ාᆶ 50%ᡂଯᔂβӅӕ๧ᇙ 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 ǴճҔࣔ੧۟ޕё่݀زॊࣴ߻Ң)ǶਥᏵ܌

ාᆶഏౠᠼᆢාࣔ܈੧۟ාᆶᡂଯᔂβ຾Չፓ፦Ǵלځᓸமࡋ

 ϐ኱ྗೕጄǶࡋᓸமלம಄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) 

 

Ǵ຾΋ࡋᓸமלϐ၂ᡏނගܹࣔ੧۟ා๧ᇙԋคᐒᆫӝࣁ

؁а 50%۟ ාᆶ 50%ࣔ ੧۟ාӅӕ๧ᇙ，ځӧ๧ᇙਔ໔ 1 λ

ਔϐచҹΠ，คᐒᆫӝނ၂ᡏϐלᓸமࡋςԖܴᡉቚу，ځύ

а NaOHࣁᡵࢲ܄ϯᏊచҹځ，ٯࣁᆫӝނϐமࡋҗᎦៈಃ 7

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

Ң)Ƕ؁่݀߃ёޕ，ࣔ੧۟ා࿶؁߃ᆶ۟ාፓ፦ࡕ，ςёၲ

 ा؃Ƕࡋᓸமלϐނคᐒᆫӝډ

၂ᡍஒ๧ᇙਔ໔ቚ，ࡋϐமނॊคᐒᆫӝ߻຾΋؁ගܹࣁ

уࣁ 6λਔǴϩ่݀݋ᡉҢ，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，٠คᡉ๱ϐቹៜ，ࡋ၂ᡏϐமނॊคᐒᆫӝ߻

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

ճҔ۟ාᆶࣔ੧۟ා຾Չፓ，ޕё่݀زॊࣴ߻Ң)ǶਥᏵ܌

፦ࡕ，а NaOH (4M)ࣁᡵࢲ܄ϯᏊϷ௓ڋ๧ᇙਔ໔ࣁ 6 λਔ

ϐచҹΠ，ځ๧ᇙϐคᐒᆫӝނமࡋǴςё಄ӝคᐒᆫӝނϐ

኱ྗೕጄा؃Ƕ 
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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፦ࡕ๧ᇙࣁคᐒᆫӝނϐלᓸமࡋᡂϯ

(๧ᇙਔ໔ 6λਔ) 

 

ќ΋Бय़Ǵ50%۟ ාᆶ 50%ࣔ ੧۟ාǴа NaOHϷ KOH

ϯᏊǵ๧ᇙਔ໔ࢲ܄ᡵࣁ 6λਔϐคᐒᆫӝނǴ࿶ऐং܄Ϸऐ
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Н܄၂ᡍࡕǴלځᓸமࡋϝёᆢ࡭ӧ 40 kgf/cm2а΢(ӵ߄ 12

Ϸ߄ 13)ǴԜѦǴᛅᘠ౗၂ᡍϐਡᅿႃǵ⿉ǵ⥴ϐྋрࡰኧࣣ

ࣁ 8.81~8.89ϐ໔(ӵ߄ 15)Ǵ֡಄ӝ኱ྗೕጄϐा؃Ƕ 

კ29ࣔࣁ੧۟ා๧ᇙࣁคᐒᆫӝނ࿶Ꭶៈ28ϺϐЬा඲

Ǵ่݀ᡉҢ݋ᅿϩނ࣬ 50%۟ ාᆶ 50%ࣔ ੧۟ාǴа 4M ᐚࡋ

ϐ NaOHϷ KOH բࣁᡵࢲ܄ϯᏊ๧ᇙࣁคᐒᆫӝނǴځ๧ᇙ

ਔ໔௓ࣁڋ 6 λਔϐคᐒᆫӝނǴЬाϐނᅿ֡ࣁБှҡ

(CaCO3)Ƕќа௟ඔႝηᡉ༾᜔ᢀჸ 50%۟ ාᆶ 50%ࣔ ੧۟ා

๧ᇙࣁคᐒᆫӝނϐ༾ᢀ่ᄬ(კ 30)Ǵёว౜όӕᡵࢲ܄ϯᏊ

Ϸόӕ๧ᇙਔ໔Ǵ܌ᇙԋޑคᐒᆫӝނǴ߄ځय़֡Ԗߏచރࢊ

Ϸόೕރ׎߾ϐ༾ᢀ่ᄬǴฅᆶ۟ා๧ᇙࣁคᐒᆫӝ࣬ނКǴ

 ϐ༾ᢀ่ᄬၨϿǶރࢊచߏځ

຾΋؁ճҔआѦጕӀ᛼ሺ(FTIR)ϩ݋Ǵ࿶Ꭶៈ28Ϻϐ50%

۟ාᆶ 50%ࣔ ੧۟ා๧ᇙޑคᐒᆫӝނǴ่݀ᡉҢǴόӕᡵ

ϯᏊ(NaOHǵKOH)Ϸόӕ๧ᇙਔ໔(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-1Ԗܴᡉϐ่඲Нǵ-OHϷ

Si-Hਁ୏Ƕ 
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߄ 12 ࣔ੧۟ා๧ᇙࣁคᐒᆫӝܭނऐং၂ᡍࡕϐלᓸமࡋ 

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 

ຏǺלᓸமࡋ኱ྗॶǺ15 kgf/cm2 
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߄ 13 ࣔ੧۟ා๧ᇙࣁคᐒᆫӝܭނऐН၂ᡍࡕϐלᓸமࡋ 

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
ຏǺלᓸமࡋ኱ྗॶǺ15 kgf/cm2 
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߄ 14 ࣔ੧۟ා๧ᇙࣁคᐒᆫӝܭނऐᒟ৔၂ᡍࡕϐלᓸமࡋ 

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҂ڗள่݀ǹלᓸமࡋ኱ྗॶǺ15 kgf/cm2 
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߄ 15 ࣔ੧۟ා๧ᇙࣁคᐒᆫӝނϐྋрࡰኧ 

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
ຏǺᛅᘠ౗ྋрࡰኧ኱ྗॶǺ6 
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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)๧ᇙࣁคᐒᆫӝނϐ඲࣬ނᅿ᠘ۓϩ݋

่݀ 
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(A) 4M NaOHǵ๧ڗ 1λਔ 

 

(B) 4M NaOHǵ๧ڗ 6λਔ 

 

(C) 4M NaOHǵ0.5wt.%ᕗለΒణ

᎑ǵ๧ڗ 6λਔ 

 

(D) 4M KOHǵ๧ڗ 1λਔ 

 

(E) 4M KOHǵ๧ڗ 6λਔ 

 

(F) 4M KOHǵ0.5wt.%ᕗለΒణ

᎑ǵ๧ڗ 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݋ 

 

 

ᘜય᏾ᡏϐࣴزԋ݀Ǵ࣬ᜢϐख़ा่ፕӵࡕǶ 

ᡵࢲ܄ϯᏊ KOH ჹ۟ා๧ᇙࣁคᐒᆫӝނϐਏ݀ၨ٫Ǵబу

ፓ፦ᏊԖշׯܭ๓ NaOH ๧ᇙϐคᐒᆫӝނமࡋǴฅჹගܹ KOH

๧ᇙϐคᐒᆫӝނமࡋϐቹៜ߾ၨόᡉ๱Ƕќ΋Бय़Ǵ߻ॊ๧ᇙϐ

คᐒᆫӝނǴ࿶ऐং܄ǵऐН܄Ϸऐᒟ৔܄၂ᡍࡕǴלځᓸமࡋϝ

ёᆢ࡭ӧ 70 kgf/cm2а΢ǴԜѦǴᛅᘠ౗၂ᡍϐྋрࡰኧࣁ 8.85~8.89

໔Ǵ֡಄ӝ኱ྗೕጄϐा؃ǶਥᏵआѦጕӀ᛼ሺ᠘่݀ۓёޕǴ߻

ॊ๧ᇙϐคᐒᆫӝނǴځЬाૈ۔୷Ԗ่඲Нǵ-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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ճҔ۟ාᆶࣔ੧۟ා຾Չፓ፦ࡕǴа NaOH (4M)ࣁᡵࢲ܄ϯᏊ

Ϸ௓ڋ๧ᇙਔ໔ࣁ 6 λਔϐచҹΠǴځ๧ᇙϐคᐒᆫӝނமࡋǴς

ё಄ӝคᐒᆫӝނϐ኱ྗೕጄा؃ǶԜѦǴ߻ॊᇙഢϐคᐒᆫӝނ

࿶ऐং܄ϷऐН܄၂ᡍࡕǴלځᓸமࡋϷྋрࡰኧ֡಄ӝ኱ྗೕጄ

ϐा؃ǴၲុࡕډคᐒᆫӝނᔈҔϐҞޑǶќਥᏵआѦጕӀ᛼ሺ᠘

඲Нǵ-OH่ࣁ୷ૈ۔ЬाځǴނॊᇙഢϐคᐒᆫӝ߻Ǵޕё่݀ۓ

Ϸ Si-HǶ᏾ᡏԶقǴҁࣴزԋ݀ςࡌ؁߃ҥቲకྕߥාᇙഢࣁคᐒ

ᆫӝނϐ׷਑੝܄Ǵᔈёբ࣬ុࡕࣁᜢቲకނೀ౛Ϸคᐒᆫӝ׷਑

 ᔈҔᆶว৖ϐୖԵǶೌמ
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