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TCLP |x@=Q}W QO |wQ C_re Vy=m w 11 x@ 12 R= 3 TCLP |x@=Q}W pH

Q=PoQ}F-=D pt=a u} QDsyt [20]"CU= xOW 17 8 mg/Kg x@ 24 4 mg/Kg R=
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|O=@ QDUm =N w u=t}U R= xO=iDU= CQwY QO xv}y@ pH "OwW pQDvm p;xO}= \}=QW
R= xO=iDU= [21]"CU= 10 5 =D 9 5 u}@ sw}tO=m R= Q}e x@ u}ovU C=Rri s=tD |=Q@
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'C}@]k Z} waD uwO@ Cr=L QO xm |r=L QO 'OwW|t 7 5 OwOL QO pH s}_vD
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|}=v=UQ V}=Ri= |=Q@ =yxvwtv u}= TBU "CU= xOW lWN -qN CLD w xDW=OQ@
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Ctw=kt |wQ Q@ |WNQJ l}Dv}UwQDmr= Ov}=Qi QO (X6) |m} QDmr= u=O}t C}@]k
"CU= xOW |UQQ@ xRwQ 28 Qta =@ xOW|R=UOt=H w C}@FD |=yxvwtv pH w |Q=Wi
Q}PBu=mt= xv}y@ |=yMU=B x@ uO}UQ |=Q@ |y=oW}=tR; \}=QW u} QDy@ xm |Qw]x@
w xOW xOQ@ Q=mx@C}@ wr]t `@=D w �RSM� MU=B K]U VwQ 'Q=m u}= s=Hv= |=Q@ "OW=@
u}vJty "CU= xOW xO=iDU= |RmQt ?mQt KQ] VwQ R= QwmPt hOy x@ uO}UQ |=Q@
uOQmxDU@ty |=Q@ swO xHQO |}xrtH OvJ `@=D wO 'xv}y@ \}=QW |v}@V}B |=Q@
C=ar=]t x@ xHwD =@ "CU= xOW xO=O VR=Q@ =yMU=B w pkDUt |=yQ}eDt u}@ \@=wQ
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Ctw=kt u=R}t w 2 pmW QO xOW|Q=PoOm |=yOL=w QO =yxvwtv R= l} Qy CN=U
xOW xO=O V}=tv 3 pmW QO =yu; R= l} Qy |=Q@ xOW|Q}oxR=Ov= pH w |Q=Wi

"CU=
|R=Uxv}y@ pL=Qt R= Qo}O |m} 'wO xHQO |}xrtHOvJ `@=D wO |x@U=Lt
=yMU=B u=R}t u}tND CyH `@=wD u}= R= "CU= xOw@ xar=]t u}= QO RSM |xr}Uwx@
x@ R=}v uwO@ |OwQw |=yQ}eDt hrDNt \}=QW QO �=yxvwtv pH w |Q=Wi Ctw=kt�

w T}r}UwQm}t '|O=@ QDUm =N 'u=t}U |}=}t}W w |m} R}i C=YNWt "1 pwOH
"xO=iDU= OQwt TQ

TQ T}r}UwQm}t |O=@ QDUm =N u=t}U C}Y=N
C Tqm

58 86 95� 85 35 21 ��� SiO2 u=R}t
17 11 { 18 5 ��� Al2O3 u=R}t
4 2 { 6 3 ��� Fe2O3 u=R}t

10 85 < 1 21 62 ��� CaO u=R}t
30000 30000� 15000 420 370 K]U CL=Ut

(m2/kg)

2 1 2 22 2 65 3 15 XwYNt uRw

"=yxvwtv CN=U |=Q@ xDiQQ=mx@ sDU}U R= |rm |=tv "1 pmW

|WNQJ l}Dv}UwQDmr= sDU}U "3"2
1 pmW QO xOWs=Hv= VywSB QO xO=iDU= OQwt |WNQJ l}Dv}UwQDmr= sDU}U
u=} QH xm xO=iDU= OQwt |x}PeD `@vt 'QwmPt pmW j@=]t "CU= xOW xO=O V}=tv
pQDvm sDU}U 'CU= xOQm u}t-=D =Q Crw 30 =D QiY |xR=@ QO s}kDUt |m} QDmr=
=D QiY |v=tR |xR=@ QO |m} QDmr= u=O}t C}@]k uOQmTwmat x@ QO=k xm C}@]k
TvH R= OwQDmr= 'Tqo|UmrB TvH R= =y?r=k |xQ=OH 'CU= xOw@ xk}kO 60
|@amt ?r=k 4 w x}PeD `@vt =@ =yOwQDmr= |xOvyO\=@DQ= |=ys}U '316 Oqwi

"Ov=xOW xO=O V}=tv 6 |r= 1 |=yxQ=tW =@ ?}DQDx@ xvwtv CN=U

=yxvwtv |R=UxO=t; "4"2
'II A}D OvrDQB u=t}U 'Q]kt ?; R= |RDvU Ov=tUB |R=UOt=H w C}@FD CyH
CN=U |=Q@ |WNQJ l}Dv}UwQDmr= Ov}=Qi p=ta= w TQ 'T}r}U '|O=@ QDUm =N
|=yC@Uv =@ O=wt u}= hrDNt |=yxvwtv O}rwD CyH "CU= xOW xO=iDU= Cqt
|=yV}=tR; R= O=wt u}= C@Uv u}}aD CyH "CU= xOW \wrNt Qo}Om} =@ hrDNt
5|RmQt ?mQt KQ] VwQ |xr}Uwx@ V}=tR; |L=Q] w 'u}W}B C=ar=]t '|D=tOkt
VwQ j@] Cqt 'um\wrNt \UwD Cqt pt=m \qDN= R= TB "CU= xOW xO=iDU=
24 QO x}rw= VQ}o R= TB w xOW xDN} Q 50 mm |=y?r=k pN=O QO OQ=Ov=DU=
s=tD CN=U |=Q@ VwQ u}= [32]"CU= xDiQo Q=Qk ?; QO RwQ 28 COt x@ Ca=U

"CU= xOW xO=iDU= xar=]t u}= R=}vOQwt |xvwtv 86

=yxvwtv pH w |Q=Wi Ctw=kt "5"2
j@] |Q=Wi Ctw=kt '50 mm O=a@= =@ |@amt |=yxvwtv |R=UxO=t; R= TB
ELE pOt |Q=Wi Ctw=kt l}D=twD= x=oDUO =@ ASTM C109-80 OQ=Ov=DU=
Qta =@ =yxvwtv s=tD |wQ Q@ 1400 N/s C@=F MQv =@ |Owta |Q=PoQ=@ =@ w
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"""l
}Dv}U

wQDm
r=w

|vO
atO

=wt
R=x

O=iD
U=

|U
QQ@

|Q}oxH}Dv w EL@ "3
|HvUQ=@Da= w MU=B K]U pOt "1"3

|]N |=ypOt '?U=vt |vw}UQoQ |=ypOt uOQw;CUOx@ |=Q@ 'Q[=L |xar=]t QO
|=Q@ "CU= xOW VR=Q@ |y=oW}=tR; |=yxO=O |wQ Q@ 3 xHQO w 2 xHQO |WvmsyQ@
|Q=t; |=yXN=W w =ypOt C=QwPHt ẁtHt 'xOWQmP |=ypOtCkO u=R}t|UQQ@
|=yxO=O |xv=oOvJ uw}UQoQ R}r=v; x@ xHwD =@ "CU= xOW xU}=kt Qo}Om} =@ =ypOt
w |Q=Wi Ctw=kt |v}@V}B |=Q@ swO xHQO |}xrtHOvJ |=ypOt '|y=oW}=tR;
|y=oW}=tR; |=yxO=O |xr}Uwx@ |}xrtHOvJ pOt "Ov=xOW ?=NDv= =yxvwtv pH

|}=yv |@ QHD |=ypOt "CU= xOW VR=Q@ |RmQt ?mQt KQ] T=U=Q@ xOt;CUOx@
=yxvwtv |xRwQ 28 |Q=Wi Ctw=kt |=Q@ =yQwDm =i |xOW|Q=PoOm Q}O=kt ?UL Q@
QO xm 'CU= xOW xO=O u=Wv 2 w 1 \@=wQ QO ?}DQDx@ (Y2) =yxvwtv pH w (Y1)
T}r}U '|O=@ QDUm =N |vRw C@Uv ?}DQDx@ X6 w X5 'X4 'X3 'X2 'X1 =yu;
'��� =yxOvvmOv@ty x@ ?; |vRw C@Uv 'OYQO ?UL Q@ u=t}U x@ |O}U= TQ w

"CU= �xk}kO� Q=Ot C}@]k Z} waD |xQwO w �Crw� u=} QH S=Drw
Y1 =61 87 + 1 09X1 + 3 79X2 � 5 19X3 + 1 17X4 + 0 62X5

� 8 89X6 � 1 23X1X2 � 2 43X1X3 + 2 28X1X4

� 1 01X1X5 + 0 68X1X6 + 1 88X2X3 + 0 25X2X4

+ 0 24X2X5 � 0 88X2X6 � 0 045X3X4 +X3X5

+ 3 13X3X6 + 0 18X4X5 � 0 13X4X6 � 4 68X5X6

� 7 16X21 � 6 47X22 � 3 30X23 � 3 92X24

� 2 59X25 � 4 34X26 (1)

Y2 =11 20 + 0 17X1 � 0 023X2 � 0 58X3 � 0 046X4

� 0 11X5 + 0 014X6 � 0 03X1X2 + 0 042X1X3

+ 0 0003X1X5 � 0 006X1X6 + 0 029X2X3

� 0 017X2X4 � 0 025X2X5 + 0 009X2X6 � 0 02X3X4

+ 0 009X3X5 + 0 07X3X6 + 0 022X4X5 � 0 017X4X6

� 0 032X5X6 � 0 064X21 � 0 18X22 � 0 16X23

� 0 092X24 � 0 016X25 � 0 065X26 (2)

QwDm =i wO u}@ |WvmsyQ@ QF= 15 '|rY= QF= 6 |Q=O=vat w =ypOt u}= |@=} RQ= |=Q@
"CU= xOW xO=iDU= (ANOVA) Tv=} Q=w p}rLD R= �|}=vLv=� swO xHQO QF= 6 w
C=QF= w |rY= C=QF= |Q=O=vat |@=} RQ= |=Q@ Tv=} Q=w p}rLD G}=Dv '3 pwOH QO

"CU= xOW x�=Q= P Q=Okt j} Q] R= =yQ}eDt |WvmsyQ@
Q_vOQwt MU=B w Q}eDt u}@ 'OW=@ 0 05 R= QDsm pOt |=Q@ P Q=Okt xm |v=tR =D
|=Q@ �VR=Q@ Xkv� P Q=Okt "OQ=O OwHw |Q=t; |x]@=Q �95 u=v}t]= K]U QO
"CU= xOw@ 0 0007 w 0 0001 Q@=Q@ ?}DQD x@ =yxvwtv pH w |Q=Wi Ctw=kt
"CU= Q=O=vat Xr=N |=]N x@ C@Uv =yMU=B xm OyO|t u=Wv P Q=Okt u}=
l}D=tDU}U u=Uwvl}CU= umtt xm Ovm|t O=yvW}B �VR=Q@Xkv� uOw@ Q=O=vat
|=yV}=tR; x@=Wt Q}O=kt Cra x@ u}= "CU= xOWv xDiQo Q_v QO |[Qi pOt QO
u=R}t |@=} RQ= |=Q@ "OwW|t Xr=N |=]N R= |v}tND O=H}= ?@U xm 'CU= |Q=QmD
?} Q[ u}= "CU= xOW xO=iDU= �R2� |oDU@ty ?} Q[ |UQQ@ R= pOt VR=Q@

Ctw=kt QO QF-wt pt=wa |R=Uxv}y@ |=Q@ =yu; Q}}eD |xvt=O w =yQ}eDt "2 pwOH
"xvwtv pH w |Q=Wi

u} QDu}}=B u}}=B OL RmQt q=@ OL u} QDq=@ =yQ}eDt��2� OL ��1� �0� ��1� ��2� OL
30 15 20 25 10 X1
15 3 75 7 5 11 25 0 X2
30 7 5 15 22 5 0 X3
0 6 0 45 0 5 0 55 0 4 X4
1 5 0 375 0 75 1 125 0 X5
60 18 75 32 5 46 25 5 X6

=yMU=B
xvwtv pH (Mpa) |Q=Wi Ctw=kt

Qy |=Q@ |RmQt ?mQt KQ] |xr}Uwx@ xOW|L=Q] |y=oW}=tR; \}=QW "2 pmW
"xOW|Q=PoOm |=yOL=w QO =yxvwtv R= l}

?mQt VwQ T=U=Q@ xOWxDN=U |=yxvwtv |=Q@ xOW|Q}oxR=Ov= |=yMU=B "3 pmW
"|RmQt

|=Q@ VwQ u}= R= u=wD|t ?}DQD u}O@ "CU= xOW xO=iDU= u=w=Qi |=yxvwtv CN=U
C=Q}}eD Q@=Q@ QO pOt C}U=UL Vy=m w xv} Ry u} QDsm =@ q=@ u=v}t]= x@ uO}UQ
w =yV}=tR; |L=Q] |=Q@ =yxO=O 'Q[=L |xar=]t QO [35]"OQm xO=iDU= xQ_DvtQ}e

"Ov=xOW VR=OQB Design-Expert 7 0 0 Q=Ri=sQv R= xO=iDU= =@ RSM

R= |RmQt ?mQt KQ] |xr}Uwx@ =yV}=tR; |L=Q] R= TB 'Q[=L |xar=]t QO
|Q=Wi Ctw=kt |R=Uxv}y@ |=Q@ |y=oW}=tR; |=yxO=O x=Qty x@ MU=B K]U VwQ

"CU= xOW xO=iDU= xOW|R=UOt=H w C}@FD |=yxvwtv pH w
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1/
2|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

Q=y@
�h

}QW
u=Qt

a|
UOv

yt "swO xHQO |=ypOt |=Q@ (ANOVA) Tv=} Q=w p}rLD w x} RHD w uw}UQoQ ?}=Q[ |Q=O=vat |@=} RQ= "3 pwOH
pH Q=Okt (Mpa) |Q=Wi Ctw=kt `@vt

P Q=Okt F Q=Okt C=a@ Qt ẁtHt P Q=Okt F Q=Okt C=a@ Qt ẁtHt
< 0 0001a 57 41 32 03 < 0 0001a 31 28 19674 3 pOt
< 0 0001a 100 03 2 07 0 0404a 3 67 85 48 X1

0 1788 1 85 0 038 < 0 0001a 44 45 1035 66 X2
< 0 0001a 1175 39 24 29 < 0 0001a 83 34 1941 58 X3
0 0082a 7 5 0 15 0 0442a 4 23 98 54 X4
< 0 0001a 45 85 0 95 0 2804 1 19 27 66 X5

0 4065 0 7 0 014 < 0 0001a 244 26 5690 49 X6
0 1004 2 79 0 058 0 0463a 4 14 96 56 X1X2
0 0243a 5 35 0 11 0 0002a 16 24 378 25 X1X3
0 0413a 4 36 0 09 0 0004a 14 29 332 83 X1X4
0 9862 0 003 0 0 0990 2 81 65 51 X1X5
0 7554 0 098 0 002 0 2619 1 28 29 91 X1X6
0 1112 2 62 0 054 0 0028a 9 76 227 37 X2X3
0 3516 0 88 0 018 0 68 0 17 4 01 X2X4
0 1748 1 89 0 039 0 6955 0 15 3 61 X2X5
0 6281 0 24 0 005 0 151 2 12 49 33 X2X6
0 0478a 1 2 0 025 0 9414 0 005 0 13 X3X4
0 6281 0 24 0 005 0 1013 2 77 64 58 X3X5
0 0003a 15 04 0 31 < 0 0001a 26 87 625 94 X3X6
0 235 1 44 0 03 0 7722 0 085 1 97 X4X5
0 3342 0 95 0 02 0 8239 0 05 1 16 X4X6
0 0843 3 09 0 064 < 0 0001a 60 24 1403 35 X5X6
0 0121a 6 71 0 14 < 0 0001a 75 54 1759 85 X21
< 0 0001a 56 75 1 17 < 0 0001a 61 82 1440 22 X22
< 0 0001a 41 77 0 86 0 0002a 16 7 374 36 X23
0 0004a 14 15 0 29 < 0 0001a 22 66 527 85 X24
0 5165 0 43 0 008 0 0026a 9 88 23 02 X25
0 0106 6 97 0 14 < 0 0001a 27 77 647 03 X26
0 0007a 8 90 1 17 < 0 0001a 15 64 1335 56 VR=Q@ Xkv

28 32 18 835 ?U=vD CkO
0 9639 0 9357 |oDU@ty ?} Q[
0 9471 0 9058 |LqY= |oDU@ty ?} Q[

�95 u=v}t]= K]U QO Q=O|vat a

=yxvwtv pH w |Q=Wi Ctw=kt |=Q@ C@Uv u}= 'Q[=L VywSB QO xm [37]'CU=
"CU= xOw@ 28 32 w 18 835 Q@=Q@ ?}DQDx@

pOt |xr}Uwx@ |R=UOt=H w C}@FD Ov}=Qi p}rLD "1"1"3
u=t}U x@ T}r}U ' (X1) u=t}U x@ QDUm =N |vRw C@Uv '1 |x]@=Q x@ xHwD =@
|]N Q}F-=D '(X5) �V/cm� u=} QH S=Drw w '(X4) =yxOvvmOv@ty x@ ?; '(X2)

u=R}t VywSB u}= QO [36]"OW=@ 0 80 R= V}@ O}=@ ?U=vt VR=Q@ =@ pOt l} |=Q@
w 0 9357 Q@=Q@ ?}DQDx@ =yxvwtv pH w |Q=Wi Ctw=kt |=Q@ |oDU@ty ?} Q[
=@ =yxO=O R= �96 w �93 |xv}tm ?}DQDx@ OyO|t u=Wv xm 'CU= xOw@ 0 9639
w |Q=Wi Ctw=kt |=Q@ |LqY= |oDU@ty ?} Q[ u}vJty "OvDUy Q=oR=U pOt
=yxO=O VR=OQB C@Uv "CU= xOw@ 0 9471 w 0 9058 Q@=Q@ ?}DQDx@ =yxvwtv pH

4 R= V}@ u; |=Q@ ?U=vt Q=Okt w xOW |Q}oxR=Ov= ?U=vD CkO =@ 'pqDN= x@
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}Dv}U

wQDm
r=w

|vO
atO

=wt
R=x

O=iD
U=

|U
QQ@TQ |vRw C@Uv w (X1X3) u=t}U x@ TQ w u=t}U x@ QDUm =N |vRw C@Uv

'Ov=xDW=O |QDW}@ C}ty= '(X3X6) Q=Ot C}@]k Z} waD |xQwO w u=t}U x@
xOW xO=O V}=tv O4 w G4 |=ypmW QO ?}DQDx@ =yu; |Oa)@xU Q=Owtv xm

"CU=
OQ=O Q=Qk |}xOwOLt QO |Q=Wi Ctw=kt |xv}W}@ 'hr=4 pmW x@ xHwD =@
u}@ ?}DQDx@ C}@]k Z} waD u=tR w u=t}U x@ TQ |vRw C@Uv u; QO xm
u=R}t 'QwmPt pmW x@ xHwD =@ "OW=@ xk}kO 18 75-32 5 w 7 5-15 |xOwOLt
QDW}@ |iQYt TQ x@ C@Uv |Q=Wi Ctw=kt QO C}@]k Z} waD |ivt Q}F-=D
|=ys=o ?U=vt ?=NDv= CQwY QO CN=wvm} Q}e l}Dv}UwQDmr= Ov}=Qi QO "CU=
'pH pQDvm ?@U CN=wvm} Q}e l}Dv}UwQDmr= Ov}=Qi 'sDU}U C}@]k Q}}eD |v=tR
u}= Qo = =t= [25]"OW Oy=wN Q_vOQwt \qDN= V}=Ri= w 'C@ w]Q C=irD R= |Q}owrH
x@ xHwD =@ "OwW|t O=H}= pqDN= u=t}U VQ}o QO 'O@=} V}=Ri= |v=tR |xQwO
u=R}t V}=Ri= CQwY QO |Q=Wi Ctw=kt |xv}W}@ x@ uO}UQ |=Q@ '?4 pmW
QO xm |Qw]x@ "O@=} Vy=m O}=@ C}@]k Z} waD |v=tR |xQwO '|r=ta= S=Drw
C}@]k Z} waD |xQwO '0 75 V/cm OwOL QO |r=ta= S=Drw ?=NDv= CQwY
|r=ta= S=Drw ?=NDv= CQwY QO xm |r=L QO &CU= xv}y@ u=tR 'xk}kO 30 OwOL
xv}y@ u=tR 'xk}kO 20 OwOL C}@]k Z} waD |xQwO '1 12 V/cm OwOL QO
xv}y@ OL QO O}=@ w Ovm Q}}eD O}=@v xvwtv x@ |r=ta= |SQv= u=R}t '`k=w QO "CU=

"OW=@
|vRw C@Uv xm OyO|t MQ |t=ovy pH u=R}t |xv}tm 'G4 pmW x@ xHwD =@
u}vJty "OW=@ OYQO 22 5 w 15 Q@=Q@ ?}DQDx@ u=t}U x@ TQ w |O=@ QDUm =N
x@ TQ w |O=@ QDUm =N |vRw C@Uv Q}}eD |xR=@ xm |DQwY QO CU= XNWt
Vy=m QO TQ Q}F-=D u=R}t 'OW=@ OYQO 7 5-22 5 w 15-25 u}@ ?}DQDx@ u=t}U
xmv}= x@ xHwD =@ "CU= pH V}=Ri= QO |O=@ QDUm =N Q}F-=D R= QDW}@ =yxvwtv pH

QDW}@ |O=@ QDUm =N C@Ft Q}F-=D u=R}t R= |Q=Wi Ctw=kt QO TQ |ivt Q}F-=D u=R}t
TQ xmv}= x@ xHwD =@ "OvQ=O |oDU@ty Qo}Om} =@ 'Q=DiQ ẁv wO u}= u}=Q@=v@ "CU=
Q}F-=D u}= uOQ@u}@ R= |}=v=wD |O=@ QDUm =N 'OQ=O \}Lt pH Vy=m QO |QDW}@ Q}F-=D
VywSB u}= QO hOy xmv}= x@ xHwD =@ "OyO|t Vy=m =Q =yu; QF= \ki w OQ=Ov =Q
hQYt u=R}t O}=@ 'CU= pH u=R}t u} QDsm w |Q=Wi Ctw=kt |xv}W}@ x@ uO}UQ

"OW=@ Q}}eD |xR=@ \UwDt OL QO |O=@ QDUm =N hQYt u=R}t w xv}W}@ TQ
TQ R= xv}W}@ |xO=iDU= s=ovy QO pH u=R}t u} QDsm 'O4 pmW x@ xHwD =@
OyO|t u=Wv QwmPt pmW "OyO|t MQ ��22 5 Q@=Q@ u=t}U x@ TQ |vRw C@Uv�
u=R}t Vy=m =@ =t= "CU= R}J=v Q=}U@ =yxvwtv pH QO C}@]k Z} waD u=tR Q}F-=D xm
=yxvwtv pH QO C}@]k Z} waD Q}F-=D u=R}t '�=yxvwtv pH V}=Ri=� |iQYt TQ
QO C}@]k Z} waD C@Ft Q}F-=D u=R}t 'hr=3 pmW x@ xHwD =@ "O@=}|t V}=Ri= |mOv=
C}@]k Z} waD |ivt Q}F-=D u=R}t w xk}kO 18 75-32 5 |xR=@ QO |Q=Wi Ctw=kt
u=wD|t =Pr "CU= xOw@ TwULt xk}kO 32 5-46 25 |xR=@ QO |Q=WiCtw=kt QO
xmv; uwO@ 'OQm xO=iDU= |Q=Wi Ctw=kt V}=Ri= |=Q@ pt=a u}= QO C=Q}}eD O=H}= R=
R= =yxvwtv |Q=Wi Ctw=kt V}=Ri= QO QwmPt pt=a Q}F-=D "s}W=@ pH C=Q}}eD u=Qov
QO =yxOvvmOv@ty Q}F-=D xm |r=L QO 'CU}v \}Lt C}�=}rk V}=Ri= w Q}}eD j} Q]
QO C}�=}rk u}= xm 'CU= \}Lt C}�=}rk V}=Ri= j} Q] R= |Q=Wi Ctw=kt V}=Ri=
j} Q] R= pt=a u}= "OQ=O |ivt Q}F-=D OOHt pqLv= Cra x@ u}ovU C=Rri C}@FD
OwW|t uw}U=QO}y Ov}=Qi <=kDQ= ?@U =yuw}D=m w =yuw}v; OQwNQ@ w VNB V}=Ri=
QO Ovv=wD|t QwmPt C=Rri xm =Q |rqDN= 'u}ovU C=Rri C}@FD V}=Ri= j} Q] R= w

"Ovm|t sm 'OvQw; OwHwx@ uw}U=QO}y Ov}=Qi

�xk}kO� Q=Ot C}@]k Z} waD |xQwO w (X3) u=t}U x@ TQ |vRw C@Uv w C@Ft
Ctw=kt QO "OvQ=O =yxvwtv |xRwQ 28 |Q=Wi Ctw=kt QO |ivt |]N Q}F-=D '(X6)
u=t}U x@ T}r}U |vRw C@Uv x@ \w@ Qt |]N C@Ft ?} Q[ u} QDW}@ '|Q=Wi
xm 'CU= Q=Ot C}@]k Z} waD |xQwO x@ \w@ Qt |]N |ivt ?} Q[ u} QDW}@ w
u} QDW}@ T}r}U '=yVvmQOv= uDiQoQ_vQO uwO@ w |]N Cr=L QO OyO|t u=Wv
Vy=m QO =Q Q}F-=D u} QDW}@ C}@]k Z} waD w |Q=Wi Ctw=kt V}=Ri= QO =Q Q}F-=D
|vRw C@Uv u}@ 'QwmPt |x]@=Q x@ xHwD =@ u}vJty "OvQ=O =yxvwtv |Q=Wi Ctw=kt
OwHw C@Ft VvmQOv= (X2X3) u=t}U x@ TQ |vRw C@Uv w u=t}U x@ T}r}U
|wQ Q@ TQ |ivt Q=F; 'TQ Q=vm QO T}r}U R= xO=iDU= OyO|t u=Wv xm 'OQ=O
C}�=}rk Vy=m |=Q@ TQ R= 'Q[=L |xar=]t QO "OQm Oy=wN sm =Q |Q=Wi Ctw=kt
j@] =t= &CU= xOW xO=iDU= u}ovU C=Rri OOHt pqLv= R= |Q}owrH w \}Lt
[12]'OwW|t |Q=Wi Ctw=kt Vy=m ?@U TQ R= xO=iDU= 'u}W}B C=ar=]t G}=Dv
Vy=m R= |Q}owrH |=Q@ T}r}UwQm}t R= xO=iDU= 'xar=]t u}= h=Oy= R= |m} =Pr
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'=yxOv}q; C_re |=Q@ Cr=L u} QD|v=QL@ QO xmv}= x@ xHwD =@ "CU= QwmPt `}=vY
R= xO=iDU= =Pr 'CU= xOt; CUOx@ x@=Q}W QO u}ovU C=Rri C_re OQ=Ov=DU= OL
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=yp=DU} Qm u}= "CU= xOy=Wt p@=k 'CU= xOW O}rwD ly; |q=@ Q}O=kt Qw[L QO
'u=t}U hQYt u=R}t '66 |xvwtv QO [41]"Ov};|t OwHwx@ C=irwU Qw[L Crax@
u}=Q@=v@ "CU= xOw@ sm R}v Ov@ty ltm Q}=U w q=@ 'CU= C=irwU `@vt xv=o} xm
|xvwtv QO u}vJty "Ov=xOW p}mWD QwmPt |=yp=DU} Qm 'C=irwU V}=Ri= Cra x@
uw}U=QO}y u}=Q@=v@ "OQ=O xrY=i OwN |xv}y@ Cr=L R= |WNQJ l}Dv}UwQDmr= '66
'QwmPt |=yp=DU} Qm Q=vm QO 'O5 pmW x@ xHwD =@ w xOWv s=Hv= ,qt=m u=t}U
OwHw "CU= xOy=Wt p@=k xOQDUo Qw]x@ xO=OvVvm =w u=t}U C=QP CUU |=yOvw}B
?@U xH}Dv QO w u=t}U |=yT} QD=t p=wR w sQwD ?@U 'xOWp}mWD |=yp=DU} Qm
[41]"OwW|t |Q=Wi Ctw=kt Vy=m w u}ovU C=Rri CWv V}=Ri= 'pNrND V}=Ri=
QO =yxvRwQ w =yp=DU} Qm |xR=Ov= u=R}t 'CU= XNWt O5 pmW QO xm Qw]u=ty
u}= "CU= xOW pqL x@ C=Rri CWv V}=Ri= ?@U xm 'CU= QDW}@ 66 |xvwtv

"CU= Q=oR=U |Q=Wi Ctw=kt w TCLP |y=oW}=tR; C=Oy=Wt =@ G}=Dv

=yCWwv=B
1. solidi�cation stabilization

2. Ettringite
3. toxicity characteristic leaching procedure
4. response surface method
5. central composite design
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6. 
ame atomic absorption spectrometry
7. inductively coupled plasma-atomic emission spectrometer
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