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XwrN =@ s}OU ẁv R= R}v |iQYt C=irwU "�2 pwOH� 'CU= xOW sy=Qi xOvvm

"CU= xOw@ u=QyD QyW |Wm xrwr ?; '=yxvwtv |x}yD |=Q@ |iQYt ?; w �90

=yxvwtv |R=U xO=t; "3
'ly; 'C}v}rw�=m Q_v OQwt Q=Okt =OD@= '=yxvwtv |R=U xO=t; w x}yD Qw_vt x@
CQwY x@ TBU w xOW \wrNt ?wN Qo}Om} =@ lWN CQwY x@ h=}r= w
uoty \wrNt l} x@ uO}UQ =D \qDN= pta w xOwRi= sRq ?; '|H} QOD
pY=L lWN |r=oJ |xv}W}@ w xv}y@ C@ w]Q =@ =yxvwtv "CU= xDi=} xt=O=
%pt=W '\qDN= KQ]16 "Ov=xOW x}yD OQ=Ov=DU= sm =QD |=yV}=tR; s=Hv= R=
=@ xOW \wrNt l =N 'ly; OYQO 5 w 3 '1 =@ xOW C}@FD l =N 'l =N
x@ xOW K}rUD w C}@FD l =N |=yxvwtv w 'h=}r= OYQO 0 2 w 0 1 '0 05

|=y|UQQ@ QO "OwW|t sw=kt sy VWm QO l =N '|Q@ Q=@ u=wD w C=}YwYN Ow@y@
|UQ |=yl =N K}rUD Q}F-=D |UQQ@ x@ |QDtm xHwD 'QwmPt |xv}tR QO xOW s=Hv=
|}xU=t |=yl =N Q=DiQ QO h=}r= Q}F-=D Q@ C=ar=]t QDW}@ w xOW hw]at h=}r=\UwD
|=R sQwD |v=m p}mWD w uD@ QO =yC=irwU ?QNt Vkv [14�11] "CU= xOw@ RmQtDt

"CU= xOW xDN=vW V}B =yCOt R= C}=ov} QD=
xDN=vW,qt=m Rwvyly; =@ xOWC}@FD |=yl =N QO =yC=irwU ?QNtVkv =t=
[15]"CU= xOW x�=Q= w x}yD u; OQwt QO |WQ=Ro 1962 p=U QO x@DQt u}rw= w xOWv
'1987 p=U QO w R=e; QwmPt |xv}tR QO |O}OH ,=D@Uv C=ar=]t '1986 p=U QO
ly; =@ xOW C}@FD |=yl =N QO C=irwU R= |W=v sQwD OQwt QO |QDW}@ C=}�RH
p}mWD 'xOt; CUO x@ G}=Dv T=U=Q@ w [17w16] 'xOW s=Hv= |}=}t}W |=yVvm =w w
ly; =@ xOW C}@FD |=yl =N QO C=irwU R= |W=v sQwD O=H}= |=Q@ C}=ov} QD=
sQwD Vy=m =} w hPL x@ QHvt u; Vy=m =} w p}mWD R= |Q}owrH w CU= |QwQ[
h=}r= w ly; Q}F-=D 'Q[=L VywSB QO w [20�18w9] "OwW|t QwmPt |=yl =N QO
R= |W=v Q=Wi w |tQwD C=}YwYN Q@ u=tR sy w =RHt CQwY x@ ur}B wQB |rB x=Dwm
QDtwO= x=oDUO R= "CU= xOW xU}=kt w |UQQ@ s}OU C=irwU w ?; Qw[L QO sQwD
|vwQDmr= AwmUwQm}t R= w Q=Wi w sQwD |Q}o xR=Ov= Qw_vt x@ s}mLD V}=tR; w
h=}r= - ly; - TQ |=y\wrNt |Q=DN=U C=Q}}eD |xOy=Wt CyH �SEM�

"CU= xOW xO=iDU=

|iQYt Kr=Yt "2
TQ l =N "1"2

|=yxDU@ QO w C}v}rw�=m u=wva =@ 'Q[=L VywSB QO xO=iDU= OQwt TQ l =N
T=U= Q@ xm u; C=}YwYN w x}yD u=Q}= |v}J l =N CmQW R= |tQo wr}m 50
Q=Owtv "CU= xOW x�=Q= 1 pwOH QO 'xOW u}}aD \w@ Qt ASTM |=yOQ=Ov=DU=
1 pmW QO 'CU= xOt; CUO x@ |QDtwQO}y V}=tR; R= xm 'C}v}rw�=m |Ov@ xv=O
=@ TQ |va} 'CL |xOQ QO 'OLDt |Ov@ xk@] sDU}U T=U= Q@ w xOW xO=O u=Wv

"CU= xDiQo Q=Qk 'sm |Q}tN C=}YwYN

ly; "2"2
R= |tQo wr}m 40 |=yxU}m QO w xDimW ẁv R= =yxvwtv C}@FD CyH |iQYt ly;
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sQwD Vy=m Ea=@ ly; =@ C}@FD xm OwW|t xOy=Wt hr= � 10 pmW R= "OwW
�81 OwOL QO |Wy=m |va} OYQO 3 x@ 16 2 R= ?; QO xOW `=@W= C}v}rw�=m
R= =Q =yxvwtv sQwD '�? � 10 pmW� h=}r= =@ K}rUD xm |r=L QO &CU= xOW

sQwD QO |}=yvD x@ h=}r= �?� w ly; �hr=� %Q}F-=D u=R}t |xU}=kt "10 pmW
"?; w s}OU C=irwU =@ xOW `=@W= TQ |=yxvwtv
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r=]tw nQ@ QD= OwOL %p}@k R= '|m} R}i C=}YwYN QO QDW}@ COt x=Dwm |=yVvm =w
O=wt p}mWD Ea=@ COt R=QO |=yVvm =w w CU= Q=Po Q}F-=D l =N |Ov@ xv=O `} RwD

"OwW|t l =N |Q}PB sm =QD w |Dtw=kt C=}YwYN Q}}eD u}=Q@=v@ w |vqwRwB
Vvm =w s=Hv= =@ um}rw 'CU}v xOvv=@UJ |xO=t l} OwN s}Urm O}UmQwO}y
s}UrmOvv=ty|v=t}UO=wt 'TQC=QP QOOwHwtC=v}twr; wC=m}r}U,=DOta =@|}=}t}W
(C � A � H) xD=QO}y C=v}twr; s}Urm =} w (C � S � H) xD=QO}y C=m}r}U
s}Urm O}UmQwO}y "O@=} |t V}=Ri= u=tR CWPo =@ =yv; Q=Okt xm 'Ovm|t O}rwD
V}=Ri= Ea=@ w OwW|t pL ?; QO 'xOvvm C}@FD |xO=t u=wva x@ xOW xO=iDU=
uwQO R= Al2O3 w SiO2 uOW pL ,=DH}Dv w |}xQiL ?; pH w =yC}rwQDmr= RmQtD

"OwW|t TQ C=QP Q=DN=U
w Ovv=WwB|t =Q TQ C=QP K]U C-A-H w C-S-H |v=t}U |=y?}mQD
|=yxQiL "OvwW|t TQ C=QP Kw]U QO xv=owO |m} QDmr= |x}q Q}}eD Ea=@ u}=Q@=v@
pL C=v}twr; w C=m}r}U w s}Urm O}UmQwO}y pwrLt \UwD TQ C=QP u}@ R} Q
x@ QwmPt |v=t}U |=y?}mQD |=yxQiL uwQO ?; =@ ,=H} QOD w OvwW|t p=eW= 'xOW
OwW|tv O=H}= |RtU= |xO}OB RwQ@ |=Q@ |O=} R RmQtD hqDN= u}=Q@=v@"OvUQ|t pO=aD
|xUwQB [23w22'9'8] "OwW|t sQwD |=Q@ TQ C=QP |}=v=wD Vy=m Ea=@ xH}Dv QO w

"OwW|t |vqwRwB |=yVvm =w w uw}Uqwmwrwi '=yuw} |v}Wv=H Ea=@ QwmPt
|oDU@ '=yC=irwU OwHw =@ ly; � TQ |=yVvm =w x@ \w@ Qt CqmWt
C=irwU Qw[L [26]"OQ=O OwHwt TQ u=R}t w 'C=irwU RmQtD 'C}rqL ẁv x@
O}UmQwO}y w pL p@=k Q}e 2TB} S x@ ly; p}O@D Ea=@ 'l =N sDU}U QO s}OU
OyO|t Vy=m =Q TQ C=QP =@ Vvm =w |=Q@ OwHwt ly; u}=Q@=v@ w OwW|t s}OU

[28w27]%�1 |x]@=Q�

Ca(OH)2 +Na2So4 ! CaSo4 + 2NaOH (1)

R= =m}r}U uOW pL u=R}t u}=Q@=v@ wpH V}=Ri= Ea=@ s}Urm O}UmQwO}y Qw[L
?PH |=Q@ |O=} R |}=v=wD 'xOW pY=L |=y?}mQD w OwW|t R}v TQ Q=DN=U uwQO
uOwRi= =@ "OvQ=O l =N Q=DiQ u}=Q@=v@ w C=}YwYN QO |@ QNt Q=F; w OvQ=O sQwD w ?;
4 C-A-H w C-S-H 3|=y?}mQD w s=Hv= |vqwRwB |=yVvm =w 'l =N x@ ly;
=@ 'l =N QO q=@ RmQtD =@ pL p@=k C=irwU OwHw CQwY QO xm 'OwW|t O=H}=
p}mWD 5 C-A-S-H ?}mQD w OvyO|t Vvm =w TQ l =N |=v}twr; w ly; s}Urm

"OwW|t xOwRi= u; Q=Okt Q@ u=tR CWPo =@ xm OwW|t
wvwt CQwY u; QO 'OW=@v q=@ |r}N l =N QO C=irwU RmQtD xm |DQwY QO
p}rO x@ C-A-S-H ?}mQD OWQ w p}mWD "OW Oy=wN p}mWD 6C=v}twr; wirwU
QmP |=y?}mQD w =yVvm =w [34�30w29'27'25] "CU= Q[t Q=}U@ 'O=} R sQwD C}r@=k

"CWwv u=wD|t 4 |r= 2 \@=wQ CQwY x@ =Q xOW
Ca(OH)2(lime ionization)� Ca2+ + (OH)� (2)

Ca2+ +OH� + SiO2(soluble clay silica)� (C � S �H)

(3)

Ca2+ +OH� +Al2O3(soluble clay silica)� (C �A�H
(4)

w =m}r}U pL C}r@=k 'pH Q=Okt x@ |oDU@ =yVvm =w R= pY=L j}kO |=y?}mQD
|=yxvwtv uOQm `=@W= [35'33'32'29'8] "OQ=O |Qw; pta\}=QW w 'TQ |v=m ẁv '=v}twr;
's}OU C=irwU pwrLt QO ur}B wQB |rB h=}r= =@ xOW K}rUD w ly; =@ xOW C}@FD

`=@W=�ly; �5 �C}vrw�=m �?� 'C}vrw�=m �hr=� %|=yxvwtv h=QowQm}t "11 pmW
"�s}OU C=irwU =@ `=@W=� ly; �5 � C}vrw�=m �G� w �?; =@

u} QDtm 'xm ?; QO xOW `=@W= ly; �5 � TQ |=yxvwtv QO |}=y?}mQD u}vJ
"CU= xOWv xOy=Wt 'Ov=xDW=Po V}=tv x@ =Q sQwD Q=Wi w sQwD

G}=Dv Q}UiD "8
ly; u}@ Vvm =w "CU= TQ C=QP K]U QO C@ w]Q ?PH R= |W=v C}v}rw�=m sQwD
w TQ C=}YwYN KqY= Ea=@ xm OQ}PB|t CQwY |wLv x@ C}v}rw�=m C=QP w
|oOW `tH � sQwD C=}YwYN QO C=Q}}eD "OwW|t sQwD wC@ w]Q ?PH R= |Q}owrH
|v}Wv=H 'l =N uw}U=D=QO}y R= ,=DOta 'ly; =@ xOW C}@FD l =N |Dtw=kt Q=DiQ w
uw}U=vw@ Qm Ovv=ty =ysR}v=mt Qo}O "OQ}o|t C-=Wv |vqwRwB |=yVvm =w w =yuw}
"OwW|t Q_v hQY u; R= ,=twta u}=Q@=v@ w OwW|t Ctw=kt QO |�RH C=Q}}eD Ea=@
|v}Wv=H R= |W=v uw}Uqwmwrwi w uw}U=D=QO}y %pt=W 'COt x=Dwm |=yVvm =w
[25w24] "OwW|t uw}U=vw@ Qm w uw}U=Dv=tU pt=W COt R=QO |=yVvm =w w =yuw}
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=@ xU}=kt QO |QDW}@ MQv R= 'ly; OYQO 3 =D 1 uOwRi= =@ =yxvwtv sQwD u=R}t
C=}YwYN QO C=Q}}eD "CU= Q=OQwNQ@ OYQO 5 x@ 3 R= ly; u=R}t V}=Ri=
|v}Wv=H 'l =N uw}U=D=QO}y R= |W=v ,=DOta 'ly; =@ xOW C}@FD TQ |tQwD

"CU= |vqwRwB |=yVvm =w w '=yuw}
Vy=m w pQDvm Ea=@ C}v}rw�=m x@ |iO=YD CQwY x@ ur}B wQB |rB h=}r= uOwRi= �
=@ w xDW=O |QDW}@ MQv 'h=}r= �0 1 =D xm |Qw] x@ 'CU= xOW =yxvwtv sQwD

"CU= xDi=} p}rkD C=Q}}eD MQv 'OYQO 0 2 x@ 0 1 R= h=}r= u=R}t V}=Ri=
|iO=YD CQwY x@ ur}B wQB |rB h=}r= \UwD K}rUD =@ xU}=kt QO ly; =@ C}@FD �
Qou=}@ Qt= u}= xm 'CU= xOw@ QDQF-wt C}vrw�=m |=yxvwtv sQwD Vy=m w pQDvm QO
QO \wrNt |}=}t}W � |m} R}i C=}YwYN QO |}=}t}W |=yVvm =w QDW}@ Q}F-=D

"CU= K}rUD pt=wa |m} R}i Q}F-=D =@ xU}=kt
w SiO2 =@ |}=}t}W Vvm =w w q=@ pH =@ \}Lt O=H}= =@ s}Urm O}UmQwO}y �
xD=QO}y C=m}r}U s}Urm Ovv=ty |v=t}U O=wt 'TQ C=QP QO OwHwt Al2O3
Q=Okt xm 'Ovm|t O}rwD (C-A-H) xD=QO}y C=v}twr; s}Urm =} w (C-S-H)

C=}YwYN QO Q}}eD Ea=@ w O@=}|t V}=Ri= u=tR CWPo =@ QwmPt |=y?}mQD
"OwW|t =y\wrNt |m}v=mt w |m} R}i

|tQwD X=wN Ow@y@ x@\ki xv 's}OU C=irwU OwHw =@ TQ l =N x@ly; uOwRi= �
|=yQ=Wi w sQwD O=H}= |=Q@ sRq \}=QW O}OWD Ea=@ xmr@ 'CU= xOQmv ltm
=@ xOW C}@FD l =N sDU}U QO s}OU C=irwU Qw[L "CU= xOW u; R= |W=v
s}OU O}UmQwO}y w pL p@=k Q}eTB} S x@ly; p}O@DEa=@ 's}Urm O}UmwQO}y
"OwW|t TQ Q=DN=U uwQO R= =m}r}U uOW pL u=R}t w pH V}=Ri= u}=Q@=v@ w
w OvQ=O sQwD w ?; ?PH |=Q@ |O=} R |}=v=wD 'xOW pY=L |}=}t}W |=y?}mQD

"OvQ=Po|t xOW C}@FD l =N Q=DiQ u}=Q@=v@ w C=}YwYN QO |@ QNt Q=F;
|rB h=}r= =@ xOW K}rUD w ly; =@ xOW C}@FD TQ |=yxvwtv uOQm `=@W= �
h}a[D u}=Q@=v@ w C}=ov} QD= p}mWD Ea=@ 's}OU C=irwU pwrLt QO ur}B wQB
C=irwU |=yuw}v; "OwW|t u=tR QwQt x@ xOW K}rUD w xOW C}@FD l =N sDU}U
QO pL p@=k Q}e C}=ov} QD= p}mWD Ea=@ w ?}mQD OwHwt |=v}twr; w s}Urm =@
"OwW|t |mwB V}=Ri= u}=Q@=v@ w s}OU C=irwU Qw[L QO ly; � l =N \wrNt
pH =@ |=y\}Lt QO C=QO}y C=irwU |QD C=v}twr; s}Urm =Roy =} C}=ov} QD= �
|xO=t l} xm |v=tR ?re= w OwW|t |Q=Po ?wUQ 'C=irwU O=} R C}r=ai w
xOwRi= C=irwU |w=L l =N x@ xOvvm C}@FD u=wva x@ s}Urm |x}=B =@ |}=}t}W

"OwW|t p}mWD 'OwW|t

=yv; =@ |r=tDL= Vvm =w w TQ C=QP h=Q]= |D}iQ_ lD |=yuw}D=m `}tHD Ea=@
xOW C}@FD l =N sDU}U h}a[D 'u}= Q@=v@ w C}=ov} QD= p}mWD Ea=@ xm 'OwW|t
OwHwt |=v}twr; w s}Urm =@ C=irwU |=yuw}v; "OwW|t u=tR QwQt x@ xOW K}rUD w
ly; � l =N \wrNt sDU}U QO pL p@=k Q}e C}=ov} QD= p}mWD Ea=@ w ?}mQD

"OwW|t s}OU C=irwU Qw[L QO
QO O=R; C@ w]Q Vy=m p=L u}a QO w |mwB V}=Ri= Ea=@ C}=ov} QD= p}mWD
s}Urm =Roy =} C}=ov} QD= [24w10'9'6] "OwW|t QwmPt ?}mQD OWQ TBU w ẁQW u=tR
?wUQ C=irwU O=} R C}r=ai w pH =@ |=y\}Lt QO C=QO}y C=irwU |QD C=v}twr;
C}@FD u=wva x@ s}Urm |x}=B =@ |}=}t}W |xO=tl} xm |v=tR?re= w OwW|t |Q=Po
[36w30] "OwW|t p}mWD 'OwW|t xOwRi= C=irwU |w=L |UQ |=yl =N x@ xOvvm
%�8 |r= 5 \@=wQ� OwW|t ly; |x}rw= |x} RHD Ow@y@ Ea=@ Na2SO4 OwHw

Ca(OH)2 ����Ca2+ + 2(OH)� (5)

Na2SO4 ����Na+ + SO4� (6)

Ca2+ + SO4� ����CaSO4 (7)

Ca+ +OH� ����NaOH (8)

pL R= pwYL p@=k pH R= V}@ x@ sDU}U pH V}=Ri= Ea=@ NaOH ?}mQD
"OwW|t TQ C=QP uwQO R= =m}r}U uOW pL O}OWD u}=Q@=v@ w ?; QO ly; uOW
C}r@=k Ow@y@ u}=Q@=v@ w C � S �H QDW}@ p}mWD Ea=@ =m}r}U QDW}@ uOW pL
|=yu=tr= CQwY x@ C}=ov} QD= "OwW|t C=irwU Qw[L QO =yl =N |Q}PB Vvm =w
u=tR QO sQwD |xH}Dv QO xOW C}@FD l =N Q=DN=U w p}mWD lJwm ,=D@Uv u} Qwr@
C}=ov} QD= w |v=t}U |=y?}mQD "Ovm|t h}a[D w |@=QN Q=JO =Q |Q=Po ?wUQ
x@ =yC=irwU w 'ly; 'TQ C=QP u}@ |}=}t}W |=yVvm =w R= |W=v |xOW O}rwD
(X-ray Tm}= |xaW= Q=Umv= VwQ R= xO=iDU= =@ |r=DU} Qm Q=DN=U uDW=O p}rO

[24w17] "CU= xOy=Wt w |}=U=vW p@=k |vwQDmr= AwmUwQm}t w di�raction)

|Q}oxH}Dv "9
C}v}rw�=m |=yxvwtv |tQwD Q=DiQ QO s}OU C=irwU w ?; Q}F-=D 'Q[=L VywSB QO
hrDNt |=yOYQO =@ xOW \wrNt w xOW C}@FD |=yxvwtv w ly; =@ xOW C}@FD
xOW xU}=kt w |UQQ@ 'xar=]t QDtwO= V}=tR; G}=Dv R= xO=iDU= =@ ur}B wQB |rB h=}r=

"CU= xOt; CUO x@ G}=Dv u}= w

=yCWwv=B
1. Thumasite
2. Gypsum
3. calcium-silicate-hydrate
4. calcium-aluminate-hydrate
5. calcium-aluminate-sulphate-hydrate
6. mono-sulpho-aluminate
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