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、

(rock wool) (perlite)， 4M

NaOH KOH

， (metakolin)、 (ceramic fiber)

1 6

， ，

28 ，

75 kgf/cm2 ， ，

70 kgf/cm2 ， ，

8.85~8.89 ，

， ，

50% 6

NaOH (4M)

28 72 kgf/cm2

，
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，
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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 



4 

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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(Environment) (Economic) (Energy)

 

(geopolymer)

(high compressive 

strength) (low shrinkage) (fast or 
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low setting) (acid resistance) (fire resistance)

(low thermal conductivity)

 

1

 

1.  

2.  

3.  
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1  

 

 

(1st year) 
�   
�   
�   

 
 

(1st year)  
�   
�   
�   

(2nd 
year)  
�   
�   
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( )  

1978 Joseph Davidovits (amorphous)

(semi-crystalline) 3

geopolymers

(geopolymerisation)

(Al 3+ )

(KOH NaOH) (K2SiO3 Na2SiO3)

Si Al

(geopolymeric precursor) (1)

Si-O-Al-O (2)

 

 

 

 

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

(OH)2 

( ) ( ) 

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 

( ) 

(Si Al ) (1) 
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(1) (2)

(3)

(4)

2

(Duxson et al., 2007)  

 

2 (Duxson et al., 2007) 

( )  

Si-O-Al Joseph Davidovits Si-O-Al 

silicon-oxo- aluminate Sialate Polysialates
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[SiO4] [AlO4] 1

Polysialates

(3) M (K Na ) n

(polycondensation) z Si/Al (1 2 3 3) 

w  

Mn (SiO2)z AlO2 n wH2O                      ( 3 ) 

Si/Al Polysialate(PS)

Polysialate-siloxo (PSS) Polysialate-disiloxo (PSDS)Sialate 

link 4 3 (silico-aluminate)

3 [AlO4]

Na+ K+ Ca2+

4
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Si：Al=1 

 

Si：Al=2 

Si：Al=3 

Si：Al＞3 Sialate link 

 

3 (Davidovite, 1994 Davidovite, 2002) 

 

 

  
Na-PS  K-PS  Ca-PS  

  
K-PSS  K-PSDS  

4 (Davidovite, 2011) 
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( )  

 

1.  

(1)  

(kaolinite clay) [Si4O10]
4-

[(OH)6Al 4(OH)2] 1 1

( 5 ) (metakaolinite)

(kaolinite clay) (500 )

(dehydroxylated)

Elimbi et al.(2011)

NaOH 450 ~800

(Setting time) (Linear 

shrinkage)

500 ~700

700
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5  

Si Al

Guo et al.(2014) TFT-LCD SiO2

TFT-LCD

10% SiO2 1%

Hao et al.(2015)

(Solar Panel Waste Glass)

Al
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10%

28 63 MPa  

(2009)

/( + ) 1

SiO2/Al 2O3 2.49 SiO2/M2O 1.5

60 24

28 26.09 MPa

 

F

Chindaprasirt et 

al.(2007) 10% SiO2 Al 2O3 Fe2O3

50% C ( ) NaOH

10 MPa~65 MPa  

Görhan and Kürklü(2014)

10% SiO2 Al2O3 Fe2O3 70% F ( )
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NaOH

(3M 6M 9M) (65 85 )

25.3%~29.8% 15.6%~19.2%

1,552.9 kg/m3~2,229.9 kg/m3

85 5.5 

MPa~8.1 MPa  

(2010)

/ Na2SiO3/NaOH

(SiO2/Na2O=1) 4 20 kgf/cm2

2

(500 )

( )

CNS 382  

Tchakoute et al.(2013)

CaO

Takeda et al.(2014)

NaOH

3
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1 13.5 M 30

80% 80.1 MPa

SiO2

 

(2)  

(Xu and Van Deventer, 2000Sata et al., 2012He 

et al., 2013) Temuujin et al.(2009)

(D50) 14.4 µm 6.8 

µm

16 MPa 45 MPa  

Komnitsas et al.(2015) (Construction and 

demolition wastes, CDS)
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(d50) 15µm  

2.  

(alkaline activator)

Al Si (oligomers)

Al-Si (4) (14)

(Xu and Van Deventer, 2000) 

(4) (14)

(4) (10) (4) (6)

(hydration reactions) OH Si-Al

[Al(OH) 4] [SiO(OH)3]

(7) (10)

(electrostatic reactions) M [Al(OH) 4]

[SiO(OH)3]

(coulomb electrostatic repulsion) (11)

(14) (coulomb electrostatic attraction)
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(condensation interaction) 

 

 

 

 

 

 

 

 

 

 

 

(10) (14) M [Al(OH)4]

2  + 2  + 2M  ↔ M  + M  + 2OH  (14) 

OSi(OH)O  + M OSi(OH)3 + M+ ↔ M OSi(OH) O Si(OH)2O   MOH 
( ) ( ) 

(13) 
O－ O－ 

( ) 

OSi(OH)2O  + M OSi(OH)3 + M+ ↔ M OSi(OH)2 O Si(OH)2O   MOH 
( ) 

(12) 
( ) ( ) 

OSi(OH)3  + M OSi(OH)3 + M+ ↔ M OSi(OH)2 O Si(OH)3  MOH 
( ) 

(11) 
( ) ( ) 

M  + Al (OH)4  + OH  ↔ M OAl(OH)3O   H2O 
( ) ( ) 

(10) 

3M  + OSi(OH)O  ↔ M OSi(OH)O M 

O－ 

( ) ( ) 
(9) 

O－＋M 

2M  + OSi(OH)2 ↔ M OSi(OH)2O M 
( ) ( ) 

(8) 

M  + OSi(OH)3 ↔ M OSi(OH)3 
( ) ( ) 

(7) 

OSi(OH)2O  + OH  ↔ OSi(OH)O  + H2O (6) 
O－ 

OSi(OH)3 + OH  ↔ OSi(OH)2O  + H2O (5) 

Al Si  + OH (aq) ↔ Al(OH)4
 + OSi(OH)3 

( ) ( ) 
(4) 
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M Al(OH)4 (monomer)

(monomer) (dimer)

(trimer) [Al(OH) 4] (4)

(6) (7) (14)

(oligomers)

(ion-pair reaction)

NaOH Al-Si  

(1)  

(KOH NaOH)

(K2SiO3 Na2SiO3)

Si Al

K (152 pm)

Na (116 pm)

Na

(oligomers)

 (Xu and Van Deventer, 

2000 2002)  
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Škvára et al.(2009)

(efflorescence)

Na K Si O Al Al

Na, K(H2O)n
+

Na+ K+ Si O Al ( 6)

Na

CO2 Na2CO3 nH2O

K Na

K2CO3  

 

6 NaOH (Rowles et al., 2007) 

 

Abdul 

Rahim et al. (2015)
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8M 60 14

NaOH

65.28 MPa KOH

28.73 MPa  

(2009) (Na2SiO3 9H2O)

(SEM)

(1.3 ) H4SiO4

NaOH O Si O Si O Al O

SiO4 AlO4 [OSi(OH)3]

[OAl(OH)3]
2- (Monomer) (Dimer)

SEM

(H4SiO4 ) (4.2

)

 

(2008)
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(SiO2/Na2O=1)

Na2SiO3/KOH Na2SiO3/NaOH

Na2SiO3/KOH

89 MPa Na2SiO3/NaOH 76 MPa

(2014)

(NaOH KOH)

(Na2SiO3) (Na2SiO3/NaOH)

Na2SiO3/NaOH 1.0

28 MPa  

(2)  

Wang et 

al.(2005) NaOH
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Somna et al.(2011) NaOH

NaOH OH

OH

4.5M~16.5M (25

~28 ) 60 NaOH 14.0M

23.0 MPa~25.5 MPa  

K2O (KOH )

(Cheng and Chiu, 2003) 

(3)SiO2/M2O 

(2012) TFT-LCD

SiO2/Na2O

OH SiO2 Al2O3

OH (polycondensation)

TFT-LCD
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TFT-LCD

SiO2/Na2O (0.8~2.0)

Hao et al. (2015) (solar panel 

waste glass) (metakaolinite)

44.4%

0% Na2SiO3

NaOH SiO2/Na2O

0.75~1.75

SiO2/Na2O

SiO2/Na2O 1.75 30

28

71.42 MPa  

(2006)

Na2SiO3 NaOH

SiO2/Na2O 0.5~2.0

SiO2/Na2O NaOH

 

(4)SiO2/Al 2O3 
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(2008)

Na2SiO3

NaOH

SiO2/Al2O3

SiO2/Al2O3  

Silva et al.(2007)

(NaOH

Na2SiO3) SiO2/Al 2O3

2.50~5.01 SiO2/Al 2O3

(final setting times)

SiO2/Al 2O3 (Al )

SiO2/Al2O3

3.4~3.8  

3.  

(2011)

Si Al
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( 50 )

Si Al

 

Chen et al.(2011)

(W/B) 0.5

(AE%) (Ms) 90

180 300

70% 30% 0% RSBG100 45

300 3 35 %

91 11 %  

4.  

(1)  

20

~90

150 ~200 7

K2O-Al2O3-SiO2 (Davidovite, 



27 

1991)

(setting) (Hardening)

(Guo et al., 

2010)

(Chindaprasirt et al., 2007 2012

2010)  

 

7 (Davidovite, 1991 Khale and Chaudhary, 2007) 

 

Mo et al.(2014) 20 ~100

(metakaolinite)

80 ~100



28 

(polycondensation)

20 60

60 7

97.95 MPa 60

(2014)

100

 

(2)  

70

(

2014)

gelular

(Van Jaarsveld et al, 2002)Memon et 

al.(2011)

70 24~96
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96

 

Slaty et al.(2013) NaOH

16 

parts 80

24 48

32 MPa 48 MPa

29Si 27Al MAS NMR 27Al 

MAS NMR

5 ppm 6 57 ppm

Al

6 4  

 

( )  

Si Al

/
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/

/

( 2014)  

Si Al ( 8) Si Al (1, 2, 3)

3

(rigid)

Si Al ( 15)

2

SPF

(Davidovite, 2011)  
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8 (Davidovite, 2011) 

( )  

 

1.  

Wagner (Earth 
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Friendly Concrete, EFC)

(geopolymer 

binder technology) ( 9)

(Portland cement)

(Highest sulphate 

resistance available) (High chloride ion 

resistance) (High acid resistance) (Low 

shrinkage) (Low heat of reaction) (Low CO2 

emission)

1 m3 25 MPa

154 kg CO2 32 MPa 184 kg 

CO2 40 MPa 220 kg CO2

Wagner

/ 2011 Premiers 

ClimateSmart Sustainability Award (Wagner, 2015)  
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9 Wagner (Wagner, 2015) 

2.  

Milliken & Company Milliken Infrastructure 

Solutions, LLC

Milliken

GeoSprayTM GeoSprayTM AMS GeoPlugTM

GeoFuseTM 4 Milliken

10

(Milliken Infrastructure Solutions, LLC, 2015) 
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/

 

 

(a) GeoSprayTM  (b) GeoSprayTM AMS 

 

 

 
 

98 %  

 

/  

 

 

 

 

(c) GeoPlugTM (d) GeoFuseTM 

10 Milliken (Milliken & Company, 2015) 

3.  

Nu-Core® GCP Geopolymer Composite Panel

2011 (Aluminium 

composite panel, ACP) (Metal Composite 

materials, MCM)
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(Geopolymer Composite Panel)

Nu-Core® A2FR Geopolymer 

Composite Panel Nu-Core® FR Lite Geopolymer Composite 

Panel 11 Nu-Core® 

( )

(Nu-Core®, 2015)  

 

11 Nu-Core® (Nu-Core®, 2015) 
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/

(

) /  

(rock wool) (perlite)

1
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1 ( ) 

 

 

NaOH KOH

 

( )  

NaOH KOH 3

 

 

 

 

粘

粘 

粘粘

粘

粘

粘

粘

粘

粘

 

粘

粘

粘

粘
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( )  

2 105

95% NaOH(

) 85% KOH( )

4M

500 rpm 1 6

2.5cm 5.0cm

60

24 25

75% 7

7 14 21 28 56 100

12  
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2  

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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12  

( )  

1.

 

2. ICP XRD SEM

 

3.

 

4.  

5.

/ 粘

粘

/ 粘

 
(speed=500 rpm time=1 hr 6hr) 

 
(temp.=60 time=24 hr) 

 
(temp.=25 RH=75 %) 

粘

[NaOH/ KOH]=4M 

time=7~100 day 
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XRD SEM FTIR

 

( )  

3

pH

 

1. pH [NIEA R208.03C] 

(1) 20.0 g 250 mL 100 mL

5  

(2) 15  

(3) pH meter (Suntex SP-2200) pH  

2.  [NIEA R205.01C] 
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(%) = 
( )

%100
1

21 ×−
W

WW
 

(%) = %100
1

3 ×
W

W
 

(%) = 100(%) (%) (%) 

W1 W2 105 2

0.5 % W3 800 3  

3.  

40(420 µm) 100(149 µm)

140(105 µm) 200(74 µm) 270(53 µm) 350(40 µm)

400(37 µm) 20

 

4.  [NIEA R317.10C] 

NIEA 

R317.10C -

 

5. (TCLP) [NIEA R201.13C] 
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(ICP-OES,  OPTIMA 2000DV)

(VARIAN S2400)

 

( )  

92 9 10 101

7 9

5 6 -

 

1.  [ANSI/ANS55.1] 

pH  

2.  [ASTM-C39] 
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(kgf/cm2) =
A 

P  

P (kgf) A  

(cm2)  

3.  [ANSI/ANS16.1] 

ap

28

ANSI/ANS16.1

30

ar ap-ar

a0 30

1 2 7

24 2~5

24 1 19 47 90

3



45 

 

 

 

 

D (cm2/s)  

an n ( Ci)  

a0 ( Ci)  

=tn-tn-1 n (sec)  

V (cm3)  

S (cm2)  

T (sec) T=[(tn
1/2+tn-1

1/2)/2]2 

tn n (sec) 

    tn-1 n-1 (sec) 

D

( 10 )

i (Leaching Index L i)  
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(1.0 cm2/s) 

Di i (cm2/s)  

4.  

90

 

5.  

30

180 60 -10

3  
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3  

Step  (min)  ( )  (%) 

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.  

2×103 Gy/h Co-60

106 Gy

 

( )  

1. (X-Ray Differactometer, XRD) 

X (HRXRD D8SSS, Bruker Co.)

Bragg’s Law(λ=2d’sinθ/n n d θ

)

40 kV 100 mA Cu Kα Ni
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2θ 10°~90° 0.05°2θ/sec

D-500 JCPDS

 

2. (Scanning Electron Microscope, SEM) 

( HITACHI S3000N)

SEM

 

3. (Fourier transform infrared 

spectroscopy, FTIR) 

(PerkinElmer)

400 cm-1~4,000 cm-1

1.0 cm-1 4  
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4  

  /  

試
驗
材
料
基
本
性
質
分
析 

pH NIEA R208.03C -粘

 NIEA R205.01C -粘

 
20

 
-粘

 NIEA R317.11C -粘

 
NIEA R201.13C 

(mg/L) Pd=5.0

Se=1.0 Cr=5.0 As=5.0

Cu=15.0 Cd=1.0 Ba=100  

無
機
聚
合
材
料
特
性
分
析 

 ANSI/ANS55.1 

1.

0.5%  

2. pH 6  

 ASTM-C39 15 kgf/cm2  

 ANS16.1( 5 )  
6  

 
90

( )  

15 kgf/cm2  

 
 

15 kgf/cm2  

 

Co-60

(Gy)

 

15 kgf/cm2  

物
種
鑑
定
及
結
構
分
析 

 
X

 
- 

  - 

 
 

- 

-
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(Rock wool) (Perlite) 2

Si/Al ( )

 

 

pH

TCLP XRD

 

( )  

pH

TCLP 5

pH 7.11±0.08 6.19±0.03 5.67±0.10

pH 10.24±0.02

0.06%±0.01% 5.02%±0.11%

0.04% 0.25%±0.02% 98.08%±0.09%

90.70%±0.10% 96.15%±0.14% 99.34%±0.08%

1.86% 4.28% 3.81% 0.40%  
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18.7% 11.7% 6.8% 5.5%

30.4% 4.5% 4.3%

17% 30%

15.3% 5.9%

Si/Al 2.63 6.53

0.54 2.48

 

5  

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 
1. 3  
2.d.b.: dry basis (excludes all Moisture) 
3.N.D.=Not detected  

(TCLP)
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( 6)

0.17 mg/L 0.21 mg/L

N.D. 0.83 mg/L 0.28 

mg/L N.D. 0.10 mg/L 0.51 mg/L

0.19 mg/L 0.46 mg/L N.D. N.D.

TCLP  

 

6  

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. 
1. 3  
2.N.D.=Not detected (Pb, Se, Cr, As, Cu, Cd, Ba0.01 mg/L)  
3. (mg/L) Pd=5.0 Se=1.0 Cr=5.0 As=5.0 Cu=15.0 Cd=1.0 Ba=100  

 

( )  

7

74 
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µm~105 µm 36.81% 32.95%

53 µm~74 µm 105 µm~149 µm

17.92% 19.34%

149 µm~420 µm 45.77%

84.52% 74 µm~105 µm 105 µm~149 µm

17.95% 16.04% 9.03% 2.69%

13

(D50) 65.87 µm 76.30 µm

139.97 µm 197.74 µm

8 13  

 

7  

Mesh number 
Particles 

size 
(µm) 

Distribution (wt.%) 

Rock wool Perlite 
Ceramic 

fiber 
Metakaolin 

400 37 12.57 2.25 0.13 0.04 

350~ 400 37~40 7.45 10.40 1.08 0.02 

270~ 350 40~53 8.70 7.79 3.38 0.10 

200~ 270 53~74 17.92 13.34 7.65 0.16 

140~ 200 74~105 36.81 32.95 17.95 2.69 

100~ 140 105~149 7.79 19.34 16.04 9.03 

40~ 100 149~420 8.53 13.26 45.77 84.52 

40 420 0.23 0.67 8.00 3.44 
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15)
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( )  

4 M NaOH KOH

， 1 ，

NaOH

7 38 kgf/cm2 28 75 kgf/cm2

KOH ，

7 191 kgf/cm2 28 280 

kgf/cm2( 16 ) 6

NaOH ， ，

， 7

， 24 kgf/cm2，

( 17 18) 0.5%

， ，

， 7 108 kgf/cm2 28
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173 kgf/cm2( 19 )  

KOH

7 136 kgf/cm2

28 193 kgf/cm2

0.5%

7 145 kgf/cm2

28 200 kgf/cm2( 19 )

KOH

NaOH KOH
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3600cm-1~3100cm-1 3650 cm-1~3590 cm-1 3600 cm-1~3200 

cm-1 1400 cm-1~1350 cm-1 1410 cm-1~1260 cm-1 800 

cm-1~985 cm-1 -OH Si-H  

 

 

8  

 
(4M) (hr) (%) (kgf/cm2)  

 

NaOH 
1 0 83  
6 0 粘 粘

6 0.5 73  

KOH 
1 0 144  
6 0 86  
6 0.5 105  

15 kgf/cm2  
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(4M) (hr) (%) (kgf/cm2)  

 

NaOH 
1 0 96  
6 0  粘

6 0.5 208 粘

KOH 
1 0 183 粘

6 0 96 粘

6 0.5 146 粘
15 kgf/cm2  
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10  

 
(4M) (hr) (%) (kgf/cm2)  

 

NaOH 
1 0 132  
6 0  粘

6 0.5 -粘 -粘

KOH 
1 0 170 粘

6 0 -粘 -粘

6 0.5 -粘 -粘
- 15 kgf/cm2 
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(4M) (hr) (%) 

  
 

 

NaOH 

1 0 
 8.88 粘

 8.88 粘

 8.88 粘

6 0 
  粘

  粘

  粘

6 0.5 
 8.88 粘

 8.88 粘

 8.88 粘

KOH 

1 0 
 8.89 粘

 8.89 粘

 8.89 粘

6 0 
 8.85 粘

 8.85 粘

 8.85 粘

6 0.5 
 8.88 粘

 8.88 粘

 8.88 粘
6 
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(A) 4M NaOH 1  

 

(B) 4M NaOH 0.5wt.%
6  

 

(C) 4M KOH 1  

 

(D) 4M KOH 6  

 

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

4M NaOH KOH

50% 50%

1 NaOH

7 4 kgf/cm2 28

30 kgf/cm2 KOH

(cm-1) 

 

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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7 5 kgf/cm2 28

15 kgf/cm2( 23 )  

50%

30% 20% 1

NaOH

7 4 kgf/cm2 28 16 kgf/cm2

KOH

7 10 kgf/cm2 28 18 kgf/cm2(

24 )  

50% 50% 6

NaOH

7 9 kgf/cm2 28 15 

kgf/cm2 KOH

7 10 kgf/cm2 28 12 

kgf/cm2( 25 )
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， 7 41 kgf/cm2 28
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40 kgf/cm2 ( 12

13)

8.81~8.89 ( 15)  

29 28

50% 50% 4M

NaOH KOH

6

(CaCO3) 50% 50%

( 30)

 

(FTIR) 28 50%

50%

(NaOH KOH) (1 6 )

3600cm-1~3100cm-1 3650 cm-1~3590 

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

cm-1~1260 cm-1 800 cm-1~985 cm-1 -OH

Si-H  
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12  

 
(4M) (hr) 

 
(%) (kgf/cm2)  

=5 5 

NaOH 1 0 14 ×粘

KOH 1 0  粘

=5 3 2 

NaOH 1 0 15  

KOH 1 0 22  

=5 5 
NaOH 6 0 14 × 
KOH 6 0 8 × 

=5 5 

NaOH 
1 0 22  
6 0 72  
6 0.5 59  

KOH 
1 0 16  
6 0 43  
6 0.5 64  

15 kgf/cm2 
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13  

 
(4M) (hr) 

 
(%) (kgf/cm2)  

=5 5 

NaOH 1 0 7 ×粘

KOH 1 0  粘

=5 3 2 

NaOH 1 0 6 × 

KOH 1 0 19  

=5 5 
NaOH 6 0 7 ×粘

KOH 6 0 8 ×粘

=5 5 

NaOH 
1 0 7 × 
6 0 48 粘

6 0.5 25 粘

KOH 
1 0 10 × 
6 0 46 粘

6 0.5 39 粘
15 kgf/cm2 
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14  

 
(4M) (hr) 

 
(%) (kgf/cm2)  

=5 5 

NaOH 1 0 32 粘

KOH 1 0  粘

=5 3 2 

NaOH 1 0 22  

KOH 1 0 23  

=5 5 
NaOH 6 0 -粘 -粘

KOH 6 0 -粘 -粘

=5 5 

NaOH 
1 0 25  
6 0 -粘 -粘

6 0.5 -粘 -粘

KOH 
1 0 15  
6 0 -粘 -粘

6 0.5 -粘 -粘
- 15 kgf/cm2 
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15  

 
(4M) (hr) (%) 

  
 

=5 5 

NaOH 1 0 
 8.88 粘

 8.88 粘

 8.88 粘

KOH 1 0 
  粘

  粘

  粘

=5 3 2 

NaOH 1 0 
 8.88 粘

 8.88 粘

 8.88 粘

KOH 1 0 
 8.87 粘

 8.87 粘

 8.87 粘

=5 5 

NaOH 6 0 
 8.84 粘

 8.84 粘

 8.84 粘

KOH 6 0 
 8.83 粘

 8.83 粘

 8.83 粘

=5 5 

NaOH 

1 0 
 8.88 粘

 8.88 粘

 8.88 粘

6 0 
 8.81 粘

 8.81 粘

 8.81 粘

6 0.5 
 8.87 粘
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1 0 
 8.89 粘

 8.89 粘

 8.89 粘

6 0 
 8.84 粘
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 8.88 粘

 8.88 粘

 8.88 粘
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