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x�=Q= 2 pwOH QO '�XRF� |}=}t}W R}r=v; s=Hv= R= TB '=yxvwtv QO xOW xO=iDU=
?; 'Q[=L VywSB QO xOW xDN=U Cqt `=wv= |x}yD QO xDiQQ=mx@ ?; "CU= xOW
|xU=t '=yxvwtv CN=U |=Q@ xOW xO=iDU= |xU=t "CU= xOw@ u=vtU QyW ?QW
|xv=O u} QDnQR@ |xR=Ov= xm CU= 8 |xQtv lr= R= |Qw@a w xOW xDUW |rwtat
Q=Owtv "CU= xOw@ 1=35 =@ Q@=Q@ u; ?PH OYQO w QDt|r}t 2=36 =@ Q@=Q@ u;
1 pmW j@=]t w 4977 |xQ=tW x@ u=Q}= |rt OQ=Ov=DU= T=U=Q@ u; |Ov@xv=O

"CU=
40=01 g=mol|rwt sQHw2=13 g=cm3|r=oJ =@lQBs}OUO}UmwQO}yR=
xO=iDU= |}=}rk R=Up=ai pwrLt |xOvyOp}mWD |rY= O=wt R= |m} u=wva x@
C_re Q}F-=D |UQQ@ 'Q[=L VywSB h=Oy= R= |m} xmv}= x@ xHwD =@ "CU= xOW
xU R= u}=Q@=v@ 'CU= |Qt}rB w�S Cqt |m}v=mt C=YNWt QO s}OUO}UmwQO}y
Vvm =w "CU= xOW xO=iDU= 18 w 15 '12 Q}O=kt =@ Cw=iDt |xD} Qqwt =} C_re
`} QU Q}N@D ?@U w CU=R=tQo COWx@ Vvm =w l} '?;QO QwmPt |xO=t pqLv=
pwrLt hQ_ O}=@ 'u; pwrLt |x}yD s=ovy x@ 'p}rO u}ty x@ "OwW|t pwrLt ?;
Q}N@D R= w OwW pQDvm w O@=} Vy=m pwrLt |=tO =D O=O Q=Qk OQU ?; pN=O =Q
|}=}rk C=m}r}U |awv xm s}OUC=m}r}U R= "O}; ptax@ |Q}owrH pwrLt ?;
w 122=07 g=mol |rwt sQH w (Na2SiO3) |}=}t}W pwtQi =@ |vOWpL
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OQ=Ov=DU= j@] xm CU= |Qt}rB w�S Cqt |=yxvwtv |oDN}Uo pwOt uOQw;
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UOv
yt "�?amtQDt 1 <=R= x@� pw= xwQo |xQ=@ QU |x}=B Q@ |Qt}rBw�S Cqt |=yxvwtv \qDN= KQ] "4 pwOH

Activator Na2SiO3 NaOH water sand slag mix design
ss=sh

molarity
Sand
Slag(kg) (kg) (kg) (kg) (kg) (kg) name

of NaOH

�mol/liter�

207=4

138=27 69=13

77=78 1296=3 518=5

S2=5� 12� 2 2 12

2=5
148=14 56=29 S2=5� 12� 2=5 2=5
138=27 69=13 S2=5� 15� 2 2 15148=14 56=29 S2=5� 15� 2=5 2=5
138=27 69=13 S2=5� 18� 2 2 18148=14 56=29 S2=5� 18� 2=5 2=5

236=62

157=75 78=87

88=73 1183=1 591=55

S2� 12� 2 2 12

2
169 67=61 S2� 12� 2=5 2=5

157=75 78=87 S2� 15� 2 2 15169 67=61 S2� 15� 2=5 2=5
157=75 78=87 S2� 18� 2 2 18169 67=61 S2� 18� 2=5 2=5

275=41

183=61 91=8

103=28 1032=8 688=52

S1=5� 12� 2 2 12

1=5
196=72 78=96 S1=5� 12� 2=5 2=5
183=61 91=8 S1=5� 15� 2 2 15196=72 78=69 S1=5� 15� 2=5 2=5
183=61 91=8 S1=5� 18� 2 2 18196=72 78=69 S1=5� 18� 2=5 2=5

|Q=Wi Ctw=kt "1"3
pw= xwQo G}=Dv "1"1"3

'pw= VN@ |@amt |=yxvwtv |wQ Q@ |Q=Wi Ctw=kt V}=tR; R= xOt;CUOx@ G}=Dv
Q}F-=D "CU= xOW x�=Q= xOWO=} |xv=oxU |=yQDt=Q=B R= l} Qy Q}F-=D |UQQ@ =@ l}miD x@
|xRwQ 28 w 7 |=yxvwtv |Q=Wi Ctw=kt QO Ovr@ |xQwm |xQ=@ QU x@ xU=t C@Uv

"OwW|t xOy=Wt 5 w 4 |=ypmW w 7 |r= 5 |=ypwOH QO |Qt}rB w�S Cqt
xQ=@ QU x@ xU=t C@Uv Vy=m =@ |Q=Wi Ctw=kt '5 w 4 |=ypmW x@ xHwD =@
x@ \wrNt QO OwHwt |xQ=@ QU OYQO uOWQDW}@ =@ w xDi=} V}=Ri= 1=5 x@ 2=5 R=
12 |xD} Qqwt QO u}vJty "CU= xDi=} V}=Ri= |Q=Wi Ctw=kt 'xOvv=@UJ u=wva
?}W =@ xQ=@ QU x@ xU=t C@Uv Q}}eD =@ |Q=Wi Ctw=kt Q}}eD OvwQ 's}OUO}UmwQO}y
,=D@Uv s}OUO}UmwQO}y 18 w 15 |=yxD} Qqwt QO OvwQ u}= "CU= xOw@ x=Qty |QDOvD
QO Ctw=kt OWQ |xwLv R= u}=Q@=v@ "CU= xDiQ}PB CQwY |QDtm ?}W =@ w x@=Wt
QO xQ=@ QU x@ xU=t C@Uv QDt=Q=B Q}F-=D xm O}UQ xH}Dv u}= x@ u=wD|t Q}N= |=yQ=Owtv
's}OUO}UmwQO}y QDu}}=B |=yxD} Qqwt QO 'xRwQ 7 uU QO xS} w x@ '|Q=Wi Ctw=kt
x@ =v@ w xSwQB l} QO Qo = xm CiQo xH}Dv u=wD|t =Pr "CU= xO=O u=Wv =Q OwN QDW}@
sy=Qi u}at Q=Okt l} R= V}@ s}OUO}UmwQO}y |xD} Qqwt V}=Ri= u=mt= '|r}qO
u}}=B |xD} Qqwt l} QO xQ=@ QU x@ xU=t C@Uv Vy=m pL x=Q R= u=wD|t 'OW=@v
"OQ@ xQy@ |Q=Wi Ctw=kt V}=Ri= |=Q@ u} Ro}=H x=Q l} u=wva x@ 's}OUO}UmwQO}y
s}OUC=m}r}UC@Uv wO Qy QO 'xRwQ 7|@amt |=yxvwtv |Q=WiCtw=kt|rm Qw]x@
2 x@ 2=5 R= xQ=@ QU x@ xU=t C@Uv Vy=m =@ ' 2=5 w 2 =@ Q@=Q@ s}OUO}UmwQO}y x@

"|Qt}rBw�S |=yxvwtv |Q=Wi CUmW |xwLv "3 pmW

Ctw=kt QO s}OUO}UmwQO}y |xD} Qqwt w 's}OUO}UmwQO}y x@ s}OUC=m}r}UC@Uv
xRwQ 28 w 7 u}vU QO w \qDN= KQ] 18 ?r=k QO |@amt |xvwtv 180 |Q=Wi
xOy=Wt 3 pmW QO |Qt}rB w�S |=yxvwtv |Q=WiCUmW |xwLv "CU= xOW |UQQ@

"OwW|t
QO Cw=iDt |tHL OYQO xU QO T=@t= h=}r= uOwRi= Q}F-=D 'swO VN@ QO
KQ] xU x@ jraDt |Qt}rB w�S Cqt |=yxvwtv |oDN}Uo pwOt w |Q=Wi Ctw=kt
Q}F-=D 'swU VN@ QO w C}=yvQO "CU= xOW |UQQ@ pw= VN@ R= ?NDvt \qDN=
QO 'C}rw�R =@ xO=tV}B QO OwHwt |xQ=@ QU R= Cw=iDt |vRw |=yOYQO |v} Ro}=H
"CU= xOW xar=]t |Qt}rB w�S Cqt |=yxvwtv |oDN}Uo pwOt w |Q=Wi Ctw=kt
"CU= xOW x�=Q= |oDN}Uo pwOt w |Q=Wi Ctw=kt CtUk wO QO w l}miD x@ G}=Dv
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"T=@t= h=}r= =@ w h=}r= uwO@ |=yxvwtv |Q=Wi Ctw=kt "5 pwOH
�MPa� xRwQ 28 |i=}r= |=yxvwtv |Q=Wi Ctw=kt |=Q@ xO=iDU= OQwt KQ] �MPa� h=}r= uwO@ |=yxvwtv |Q=Wi Ctw=kt

KQ] s=v=yxvwtv QO xDiQ Q=m x@ h=}r= |tHL OYQO h=}r= uOwRi= xRwQ 28 xRwQ 7�1 �0=7 �0=35

84=87 77=76 75=87 S2=5� 12� 2=5

73=13 68=22 S2=5� 12� 2
74=61 69=13 S2=5� 12� 2=5
84=42 80=24 S2=5� 15� 2
75=77 68=71 S2=5� 15� 2=5
86=97 81=66 S2=5� 18� 2
81=20 81=46 S2=5� 18� 2=5

91=55 88=65 86=26 S2� 15� 2=5

80=68 84=65 S2� 12� 2
77=18 80=33 S2� 12� 2=5
87=07 84=86 S2� 15� 2
85=96 79=45 S2� 15� 2=5
92=58 86=65 S2� 18� 2
89=08 84=21 S2� 18� 2=5

100=23 95=46 94=48 S1=5� 18� 2

83=26 86=13 S1=5� 12� 2
82=73 82=33 S1=5� 12� 2=5
88=75 89=77 S1=5� 15� 2
85=86 85=64 S1=5� 15� 2=5
94=37 90=58 S1=5� 18� 2
91=41 86=58 S1=5� 18� 2=5

"T=@t= h=}r= =@ w h=}r= uwO@ |=yxvwtv |oDN}Uo pwOt "6 pwOH
(MPa) xRwQ 28 |i=}r= |=yxvwtv |oDN}Uo pwOt uwO@ |=yxvwtv |oDN}Uo pwOt KQ] s=v=yxvwtv QO xDiQ Q=m x@ h=}r= |tHL OYQO

(MPa) xRwQ 28 h=}r=�1 �0=7 �0=35
5=46 6=14 6=20 5=67 S2=5� 12� 2=5
4=94 7=77 7=44 5=42 S2� 15� 2=5
4=96 5=50 5=59 4=04 S1=5� 18� 2

"C}rw�R uwO@ w =@ |=yxvwtv |oDN}Uo pwOt w |Q=Wi Ctw=kt "7 pwOH
(MPa) xRwQ 28 |=yxvwtv |Q=Wi Ctw=kt �MPa� xRwQ 28 |=yxvwtv |oDN}Uo pwOt |vRw OYQO

KQ] s=vC}rw�R =@ C}rw�R uwO@ C}rw�R =@ C}rw�R uwO@ pm QO C}rw�R
��� xO=t V}B

61=32
74=61

4=82
5=67

15
S2=5� 12� 2=550=58 4=02 30

30=34 2=30 45

"OwW|t xOy=Wt 6 pmW QO xQ=@ QU x@ xU=tC@Uv uDiQ QDq=@ =@ 'xRwQ 28 |=yxvwtv
QO |Qt}rB w�S Cqt |Q=Wi Ctw=kt QO s}OUO}UmwQO}y |xD} Qqwt Q}F-=D
|xD} Qqwt V}=Ri= "OwW|t xOy=Wt xRwQ 28 w 7 u}vU QO '8 w 7 |=ypmW
ẁ[wt u}= w CU= xOW =yxvwtv |Q=Wi Ctw=kt uDiQq=@ x@ QHvt 's}OUO}UmwQO}y
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