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ABSTRACT
This research deals with the study of the production of an acid resistant mortar using local raw
materials. The produced acid resistant mortar is to be used as a protective coat to protect the surface
made of the ordinary concrete and the other surfaces which are in contact with corrosive aoids such
as (H2SOa and HNO3) from the effect of the acids mentioned above.
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Silicrete from the western desert was used as chemically inert solid filler. Different types of setting
agents were added to the filler above one at a time to form a mix to which either the sodiurn silicate
or the pota*.sium silicate solution was added as a binder.
Sarnples of the raw materials were subjected to the mineralogical, chemical and physical tests to
determine their reliability and to asses the optimum mix ratio.
Ihe produced acid resistant silicate mortar coincides with the Arnerican Standards ASTM C466 is
(1:2) (filler: binder) using 3%by weight either the Sodium florosilicate or the Ethyl acetate as a
setting agent.

ir*.rtt c,t.nls

.p3,Jre.-ll &tS*l- JJJI r ,"3;r;eJl gL!t- s ,j,JJSLJI -.1&a , ,.ra".l3sJl L:ti. c 4"$+lJl fu-r"ll

Lri.Jl
;rL o$-l jJlJSll irL rJa 1iS;3.^-+ Lii'E[ .3ri'.10 t6rt g=t-$ LJILJI 4J:tS+LJl 4]J Il dJn

rfl3 (Setting Agent) cl-,I-dlt g,.;J af;,- irL J,-lr tr-t^S dLL^ii 4+-o;c. J;c 4LL> (fitter) *lL
cl (BinAer) hl-l LJJ.- 131'b,! ric e iilul ;rlll e^ 4tCi.J +:lb e-J+ fuJs.L;rlc g3S:

;r1,,; q:$LJl aill j+rl l*l . qrtg,c,U;JlJ,Jl ot+;r r/-, ")c,i L*trll Jl.:t..rl 3i crqlJl

(AL,-ll ;rlJl + ailLll irut) ai.-Jl 6rlJI 1i!jB 63,rca JSul dA^X 63,re dS&
. (ASTM C466,1990),

O-FJI il_1 , elJiillj cil",i,i^ll e!,"a-,i C.t-Y 4$lJ 4i+ts o=U-il LJli^ll iJ:l<;lJl aidl ,r.i.-r.,i,

A:i: Cl 4slr^ll d LE, ..1,.aU-V! d[4$ll ,Jslill g. - 4:rr+c!t tul*,Jilt g. erlc OrSr Cl -
HNO: dlJ-.l:,iJl .P.l--e HzSO+ cl+J$ll ,.p,.l. ,l.l!93 U!.ftl rly'l clb k* Oji: 31 a'r',.,i ,i
di.&i.ll ol+-;_li ,illul ,.pU.SU r_llj'.lt .3:+ttll_l or,j,lsjl j-)r-, .!+-l .d 4jCl olr ,,,r.i..,r L5

. 4+:l+J35ll i-6ltll crt-t - cAlr^ r1!,,s l4alr-1...l C ilt^byq , o)-i Oj.ll il_r.-r cJ_riiill,

!liJ: f*r. i*-l.fl g:,.|j,=ll ds3 Ura.l-nU ki.-rlii.o -9l i.nl<;lJt LJ X'orJi.lf Ui.;it:ill eoi .1.

-.xt ,-tu|-l=ll-r HzCrOa r HNOI c HzSO+ r HCIOI s ,ra ir."(3Jl ,;'-"t3,rll . qlul j$l-ill

6:tS Y k t, X HF r;a,.k p-rtE Y fuJ,^ll "ra ai Yl . H2CO3 3 IJ3POa . HCI .,+ #l 6r.SjJl

.("lJl) ilrtiiJl uLJl* Jl-r a;r$ll &ltJl
!tl_l 4+JtJl 6Jt!l lrLr_.rJ fuJ^ll orA l--"llL ,r' i lltiJl 6jg^^ll i,.-lil!

. (Flacke &Lorentz, 1984),a 900

&Liijr {sJls#
aJl:Jl ;;rr;J[ a1l<;l.,.ll drqj+, iJ'(1 JJ g.g 4l],-jl irlJlj 4t+ljl ;rlJl 6ru,"t'l,r4sll &,ill ii
':l* cDi.-l ".; dis.i. eul d.,q5 C_lt C^ r crts;!.Jl dr 6lu+5 c,,t$-r..lS+ g+^-31 cLJl ;
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@ &rat6llll+. Y..t&J.r,i t.J+4ll Y -r.raJl

.r.i r l<rt,Jl p4 q)S.i.r,,,",-.,1iS.1 eulL:l* Jis'l,i -isi Cf^-,'DJ#Sll drls+LJl ,:rq-,+ gi-l'ia, '"i<"'ll

$ lra rl,-.-ll l<rl..Jl pa gi . aiUei"+f+J.ir+Lrto. i'. i.!.-pdl hAe+^4.i&ti3ll lio 4+li

. (Flacke & Lorentz, 1984), ,it^.5U LJLLII 4$1SJ-,XI fuCI fuJs^ll +ilLll 6rtJl h; fJ+ qrJl

(Chemical Setting Silicate iJ^^^l (i-,lJJl r+) crt--)l'J LJE^ll iil<ll..Jl fudl ora .* ,]lh
;rlJl g-l-r (ninaer) LJ-J.*J| thlil a.rLJl ;,.1 &ul qfl+^r'Sll &liill u, aiii..i,. 4J-J $ra-, Mortar)

.1. -jJl (nitler) ,',*JSl.,ll ; &a 6J,s.,- E^ i.,tr Ll:."., ,j-ln ,rll (Catalyst) dLl..i,JI ,1.-! aL*Jl

. (trs , rr^-ll r+'). 4+l1Jl aJJJI .:Ltl:. 4;^+ q/ ar:.'..'l t'Jl: (& l.sl) (tz) C-,r cJl+-,'

Cl.^:rJ idrJ=, l+5li^r6,,.,1. -',1 qrtll 4nl<J1.,,11 drUdl r.r+*,+_ltl:ui aU:i-,1;r,JUl d,,-ill #C
drS-r (Ur.. Ar. ,Js .r:' irl;ri) ahr:ff arlJl3 al=, ll ;rLJl gs ai.-lJl i..ril; l<n cr':Lcl,i:Jl gr
a-iJ** JJ &-ill + J uF qf . HzSOq dljlJ$ll ,.Pol-., oE3Jl o)a -;oc r+ AiJUI d.r)i'etisll

. ,''loai :ii l*l:, (eljl ty) a+s+t.ll fuJ l1+ L,oul ,-it*.a,Jl 1r

(J qYl t oill) tu:lsrLJl 4i l,.Jl

;rlJl 4. ALJ; irt s (Na2SiOr) 1.ep;r.-ll crts.ri- dJ-. iil<:lJl cil:J,"]l .l^,J-ill trXl o3,rr.i..J
. (l) &tilJl ,.,."-r ejgrj.all crl(11..' rJJs g"rt-, (Na2Sif6) a-,.J,-b,Jl _p a!*^:t

NazSiOr+NaSiFo 

-----| 

NaF+SiOz (l)
NaF + HzSOa HF + NaSOa (2)

dtt+,"!-(Sulfation-Hydration) aaLyl A:JSJI 4*1"+ G-."i U cll.,- O3S1 (i) *-1 qJetiill ui

d-"L 6^ q,i$"Jl flrJF.-Jl dlLl*l*, JJ=^ &t $ j6-rll dl*J$ll ,.p""L 6. f:lr_i.-ll +_,rrlg

. ,Jt;tt 
"J" 

(3) : (2) Orl't.lill # t^s cl+r5li

HF +rill 
"r:,,.ul 

llo ,J$ u e+l4.l &L^tt ,:l:r!_l cr!.-_,,i , ;rlif i Lrr',,*^ll i*.:.1J1 full gi

fu s3^ll eIJJF-ll &qJS .:l-l:l+ ,'1, .r-oi +a+ r.r.-l 4++ u liA , Lii^ll -iL.'^,! !] 6rja gJt
arLe ,,,i.,,:, f*Jl d 6rlij k+-t-J (Sulfation) AiJSll ,J-=--- fu3Jl .,.i i:s+_rll c,L;l;il1 .i*;
4."a C+^-i3 

r ir-"'r ajlt ;i , tar",s-l arll +-i,3 JJ ,f.-1. b:r+ oJt-e (Hydration) a^u)l

. (Mercer, l95S) (4) &tfill ,J Lri+^:a l-S-l .(Soft)
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KzSiO: + Na2SiF6
NaF'+ Ki: + H2SO+
KzSiO: + HzSOq

or,.r 1$13 ,d;+i u"lJi

du t'l&''
i*.ut fuj.l grr3S,.;jl,i

(,.'jn$ t oiJl) +stsl-.dt fu.e"lt

.r" Y+ ilii-r i.rl-s (K2Sio3) ljr;-E;Jl drl!l." JJ-. i-nl<rl..'!l &E,Jl rr. itill tcl i ,r:.i*l
3-r:h crrL ;n dL.l-Sll drj (Na2SiF6)  +-*.b,Jl J*r 1l+,-ll 6rul 6,o f_*r_l-li r.:l(01,, LJJ.-

. (5) rlcliill ,.,..,-3 , 65;:_5r*all ol5*l*,
NaF + KF + 319, (5)
HF + NazSOa + KzSO+ (6)
KzSO+ + SiOz + HzO (7)

fuCl J$i: 41,.-li U. r1^,^J eJJ-bCl &lSJ- JA"{ p-5gr:,--Jt *t(Jl', .JJ.- ,Jl'r$-i 1$"c ;i
(lAt ll - aiJ$ll) 1*l^'dj ,fi dl;,;JSII .i" l-, taT"a l+ SO: : Soz 6b:r) k*br_J,+ e,;-blJl

fltj--ll C,U,t lit'- -4Ut 
io.,i.l3oj,,,i"t dl4.l Lls.ir 1+'r," + C *i YJ crs.: _ri aJl rE O:S:

6 ).-b= ll fu-9Jl ;^; AL,- i.rL Ja,i, ,r-fc

a..jrl<-r,"lll Lll pjlfi Y - tuJ ll .+ HF 4-rjls-rJ+lal ,;-.u i;b efUo iJl+ (6) *.1 &Uilf ',1g4

&L!JS J$iJ JJ i,ilt:}+ - k-.,+"r tur,"ll ,-it*.-by CBJ!, cSltJl irLJl l<Jl.,ll +j+bY HF 
"a,.ts

ct' epti:tt u#la Ct4J i"l . la:r;i:r air.ll 
"}$ 

J) ,f.-r, !F3ll i#.^ll .;l3,ti: NazSOa tlrj.-ll
. r'JjYl trxl 4$lsltJl aiCl

drt4Js g)-l Lrl . K2so+ rr+"l3J,ill drllJ$ ,lrs Jl ,Jt;:t *y t7 ) _r (6 )*, c,+t'un:l ,H& tx
?6;*Jl tlrj"all drqJ5 C)-l 4. JlJl 3a tx aAUYI 6;*lJ. u dL;) r$^,;dl

,rJo irlc c,'A: arssJl -lrti ;g:,5rJl \$ Jl ja: {r+ t-ilb J qeL i,jJ$ 4jl Yi (4) &li:ll
.il_x*+ a.sli fr;-Er+ll q$ Ll ( NaCr (SOa):. t2HzO ) ds.i,

J Na* , ( , NH4+, $ Mn ,'!- M* M*3 lSOa;2.l2HzO ds,i, *Jr t.rLa 65i a+J" ll ,-+^tll C)*1

KFe(SO+)z. l2HzO, KAI(SOq)2. l2HzO o).ci ,+,.1,11 

"Jr 
aI.i F.*', Clr*3, Al*3 Ja M*3

Ll r o)-cl ti-.;".i,i L"oS M* ,*'r- fuf+ M*2 (SO+)2. 6HzO d--S^tll, O-F----+ Ol Ol .. <.Yl-,-r

.FA alb^l^il fuJ,"ll o.e r+lJ3ll A.'jL.i.ll 6qJ$l g)-l gl . Zn*', Co*2 Mg*2 Fe*2 o---+i M*2

d6t i, ll 6rL--c ,.,., .,rl Fe2(SOa)3 JNaz SO+ j a*;. ll E)-)l gl . Na2SOa 3 ,K2SO+ Fez(SO+)l

;ti dJrS . l^J*ti:J l€irJi Jl g.l Lo.6 q-,inl<il 'll fuCl d 6r-5.,ll el;l;ill Llih !.a,,J6 i1l.= #
4iLJl alsj^ll Jl i+r+ als.,i,. r iJ.'i . KAI(so4)2.r2H2o e.e+^^Jl 4-r).lJ KAI(S94)? p_*,-Eell :"e
qS.^ir3,J+,i, lo_,U+ Cl_, f+Jl ,r! 19ll 6,r*'1 6l!j kl=t-J'(J'Jl (:,.'.ll C)Ll 6l ,'r- , o)-i

.fu_r.ll

V.



@ r.,',.dl a.b. Y'.t &Jri \. J+.ll f .t.trjl

(&ltill e sitt) a,r:t$I,+Jt 4j uJl

4b,-ll 6rLIl 6. 4l+l-,1 i.rtX Krsio: e;*-l3r,ll c,l<J* dj.- ijt<ll..,ll fuJ.ll rJ. eCl l:a a,--,*1

(etfryt Acetate) d=,:Jl ,:rli;-i 1+ "-;*Jl
KzSiOr + CH:COOC2H5 + H2O ---+ KOOCCH3 + C2H5OH + SiOz
KOOCCH3 + HzSO+ 

-----)KzSO+ 
+ HOOCCH3

*-yJ dlJr3 CH3COOCzHs g_e*:Jl LjF,-JtJ NazSiFr fr.-b"ll :uc qj-,^ll .Jh$-i F g dl l* i
r-n: r;l Yl .aauYl -ajJ$ll -,+i: * i*lt* ,-rsrl oJ:lt , rlrj.4jl o:ri +ri: dr S1<.l ,-,oli:ll

. a+;"L1l r "rJl ,jlc ;,+r.^11 i*).^i Ji'E dsl+3 full ,rA # c+ill cJs q,-,+ f$-,Er+it o:rj
.4j1<*l.Jl A:_rJt cl ;,:,!l 3Ct ,;^: ,-L--lttl+ k-JJ e sJl:

(clt ,tt t cilt lqrL,tt &rltt

rp;*,l:Ci 3l p;p:3,--ll c.rlSgl- dA- ,., :* 1(r,l..ll d3J.-o 1$f*Jl tll c.1. tCl f .ra o! ari',.,1

. ,',USLll J ci,.a ,-5.$s 4ilul ;.:1ll Ll al.r- 6rL .t3,:,3,,-9 iLl-,; 6rtl
ir lSU LjdiiU -;la (r:*,liCl 3l p*rJ:r*-ll ) ol<tl. Jl J-J-^l l<lt.Jl ,jJ.- Jtrn-l 4+l^e ,. .j+ll
4-)-ir .: '.rll AIS*i. ir St+ u,-li.ill dlJS-r (e:p-:r.-Jt sLS*l- dA^ ) a^UYl - &JSJI als^i.

.r.o.ti ;*c. dJ.l Arl" t$- d,r-,JJ :.Sjl*, fu_r .rb J...--ll ,JBlt+: (C_*-,EC| crl-S;L qjj.-) '€rr,Jl

...Jrtl

','llJl oJA,r..s,',t Ar^l rra sle d.^-sll cD+r-ll dr +r*Il alri'...,t-r.r-;l+jll ar +Jrll -l_,oiL,v

.kJL^al e S a;lrl., Jt^iill+ c'el+

t+U"g-sg i1l3}t rljloJl

:,ra 
"gL-lJ 

LrlLll iit<lt.Jl a:;l All,i1 ,ri Lr-r.,,Jl a+l,!l J-5,.11 ui

: La 3rlrL g^;.L .ffh -+f.- g-1s.,,.-\

.(;_rs) ,",,r-sl-Jl JJ'i.*a 6 o=.,^ gs tt-#)Lll (Fiue4 {Jul ;rLIl 6 r-^,. -i
;.rLJl 6. i.11- Ltr', , \s,-zc Jii +- erL Ll irr.c uJSi qrllJ dLl;It .r.-! al=,^ll irut -+

.(&JUt irul ;c )*-it") or=J j<+*r 
-a. 

*c. iJlL *L O:S: j a:JUll

c.rt$*, -r plp-lr.-lf 6l(*l* & q-t! L;.t crli LLJ-- cjs-:+ o:s ,lt3 (Binder) aJ+Ul irul-y

' r't*Esll

v'l



iJ+.a 4filJ,,'d U.lj

dL eJ".,
r+' .l*ll fu3.tt ,ot$..;.4t:

(i.ill-ll irlnll) cr '<i .tl , &+
O^ t-#l+ i ,"Jl , (1991, orl, -ll)r (ett tt - t--i^Jl) rE-,,)l qc#= e+.^r +JSLJI JJa"€ ,'rnr**t

LJtill : lJ<rl",ll fuJ^Jl fu.Ir.-la;I31 ;.ll-S,1#Jill pl-p..-Jl ,J -.^!'- grl-e 160 - J,6ll iiLi.
. ObtU: i+-i!l J-L 1-e, i-ijljl +l-dll all-l} cUtqlel *'+ J:i.-ll "iA iiJ+: C . crL-!.t
eX .l -U-Slll 6dl9 c.s3ljy (Hammer Crushe4 ,.-ilA 6J1..'(, La-,+--,S3 f-:il *LJi r r+

Jcs,a .3i C Lia i-lt,ill rj,, dJ.:r,.4r..,)S^b ir+ i-oc,b,.irlili. C + 1.5 Or t-o_,,Io +;y
JJi...+ 1990 fl.e r/ cfrriJl3,"r+JJ*Jl C-,"*ll LlJl 4S-Sl1 .J+ ct r'!ru $ ota,',J.JSLJ|

(tlss. -qti), qli-,1.55-irr!t 3i+ J:,i.,-ll s..i.i,',Jo-,, 1995 rl-c 6: (looo.Glt-") d{lj'SJlJsJl

qJSLJl JJi.a,l i.rrcJl Uarill
dF 4JS 6;_:,^:+ a'n +t+ $JJ 6 ,-,USLJI JJi*-Jt "Jr 

(XRD) iSrJl a*ilJl a*.:i!f ,J,ori S-)+t

.(l) .Jli , (1997, ortu-J) ;:,-Jl q.l^i JJ,.*+ Jri..-ll ora.rs,ri lrd, (SiOr) J;l3SJt ;..^

cg .rSLJl , ci,.al uitr.r+ijl r,ariJl c ,itra.rSl_rHril-l

.1. .,--"#-, JS-i+ -il'b JJS.-ll "ia rJi r;3j ,',JJSLJi -;ri.- .t eirJ el++Slf dhLill f!

.rJ=ll ,.6lJ,i,ll t-i o/o97 & 4--j. lal3l..- dr; Y ,',r- (SiOz l<+lJl) .,-#*LJl a-.s3i orE
qsll q."tS!; Ot t!l.r ,',JlJlSl Or,* LB^ ;+.+ ,s::i arL- clr 6_r!c ,"e, . %3 UJUIJ a$nJl

Jl A!L.Y! J^-rl c.rt+#s rJ# 6rr+r ll crEljl3 crt-e+ilj liiL Agr^.., ;rL L\s.i.r i:tc gj,s: o-rllj
. JIXJ'- g.rlj .'uSLJl Jri.J &tSJl ih+tt rtrt-ttl (l) r.b+ll dlsr . lSJ*Jl 4si",,ll ;rtJl

L,c, Llii Y ,fy ujj &lr CI.*JI 
,',-Jl 6 L:si-^]l ,-:;SLJI JJA,-ll O'E ls]iill 1FLJI u* U

aitlJ olJ) s-1. ",oi 4$tJ kl J.i.-jl ou ;'r-i 4..,1s , o/o 0.82 d,r' +J ) q-Stl" ipf*_r ,2.65

. (1) d:+ ,'*lG-* 82 "r' JdiY 4='i1,. tu ' 1L:tL crli3 % 0.35 r& +i y ir+

VY

Catalyst dLteill ir* t itrul A*o{

C ,f.n,'! SLll J-.,4,-' c!,-n^,* ailtJl a:Lll oll (eg-E;l!l ,i; ,r,;r-r;l tits+l*1.JJ.- arLl Oi

,.,1' '.1, r Air Setting Silicate Mortar olJ€l!,.,1. ',1 dt i..:^t-tl fuJ,.ll ,r4^,,3 1JG.Lr fu, eliiJ
c ;gr-;r^a!1 6l(+I"r .JJ.- 4. J.Jl qf rFr^ll COz o;*Jl$l +"SJi cCB jli LJi*ir fudl 

"ra
:,r:Yl joliill ,.,..-3 (Vail, 1g2g)

Na2SiO3 + COz NazCOr + SiOz -----+



@ f...:^Ili!a y..tdJ,L"i \..hr!l I r.di

'ra u,-Ji3 rr-*l: ,iS ,J6,.iq ,+ 
"S 

c*il ;rrl J.,i-,J $ 4lJJt 6Jii 6 nL,, o)ri cJs,Eiil gi

1l"s 
:'rr- ,-il" i -.gi 1p"; 6JLi O^--b Lrill d d"l-sx e-r[Lll is^ff ,Jr*: +!:tll ap";Jl a;;5]l

. 6lls... 4JJI++S rl_9r U. lJ+E

erlJl gJA. ,-,+: kr* &U:t &l$lt d). ,Jii+ ,-,JJSLll dr--* J 4jl*S ;rL i.rj ,"U4 ii
oc dJ3",.ll (Silica Gel) t<*t.Jl pn r=5-rj J,! .f,.!, (e:+t::+ll _ei p_r:rrF.-ll crr<rl.,) ihljl
a3.L- 48 - 24 c.l+ g:l;S tJJ"-e 6-!rs,"f a,Ji+Jt^Jl ir.:.^l*ll: lSJtSJ.ll LJl,iJl full ottrj

,JLJI ''''ti1 .d i . ,lJ€.l+ ,.,1' 'i', qFJl i:1^:.Lll aJJ^Jt{ n:-,,|L -,i! -"-!i 'o Gill ora .}d ,},.r-.

&tii -ri) o.^. L* &u: o:$ 14rJ J (q.rE ,i; q.:.u t+t d1 a-iL:^ l$t;.Js rt_e,o at.r:s*l
(2') tfu+ll qJH+;3 (Snell, Farkas, 1931) r (N{errill. lg4g') grclill .:l<ll.Jl dJ=^ 6^ (+-tg

: d_l t<SU4 A-,",iJ i^r:.','.,J1 .:'r-it.:-Jl

NaeSiFO I ur.o.ajl crtsrl*.o.r.ol!

& kjt;-l q,s c3Ell Ji,-U JJ r+J J* Lu,. i, irr +s l+rs aJ- qt' o:lr eL-4p ;rL ,+i_,

.,.:L:,lSs eti-C LlJl 4sJ.3,ll gr" a:tJl oja "-rL ,, . r*rt_r,

lrA , d-.|:JJ 4+lts LJLL Jr cJLJI+ -5ra_e i.;.:,"u a,+t 3.r 6:L 4jJs,-i[.Jl l.u _2rg-l p
(Chemical .itbstract, 1980) , (Dietz, drLiSII it-* .Jt--l cl-+,X 6rlll ora i;,oLi Jl aiL:Yl+

.(Frank, 1940)
NazSiOr + Na2SiF6 NaF + nSiOz 

-
'4$lil &L"L"Sll u+l+ k*" &lnll ::c. ;.r-Jl ..,iJ lrJ i'r LL irL oa rgr,r-ll crls;J-5;-eJi a:Le

CaSO.a. t/2HaO a.ql+ltsll cttis.(
a+L^lt 6lj-Yl d 6rr+r^ 6.:lJl o:aj . Ur-+lt ..,r^;l L,"Fll -;:o*a d_r- r-r. C.. OCt cL4;;.rL

. La;gcj eltJl r,-- .d:ilaYl ,-,-+ cfr. I rJJo rLul &:i
4+lLXl &l;SJ.ll iJdJSil gretiill &l<;lJl .JJ-- g. .l"t$ ,j cd.:^U l,++t +l ,_iL:,Jl l.ra

_ : (Mer.rill, 1949)
KzSiO: + CaSOa. l/2H2O + H2O 

-----+CaSiOs. 
XI{zO + KzSO+

Ca(OHIa t q+*ltSll +r*S q.r.r.q

c-,.: (n5:t i-,rCl ) -tt r-q$tSl +l-s:i 6bY g*ll J+=Jl JJ,i*a c!-r- ct ex OJf cL:"+r a.:L

.ca(oH)2 ;iiut ;_)cl Jl t+lir-ll ,Lll+ tduti & i

Vf



O#A 4+!lJ ,d-Ji u.lJi

dL sJ"r
it'.b".lAll fu3.tt .r.tji "r:;

4leli: r.d +sotE a,+ 4l ,-it -b^lt lia . e)+JS d 6:y,ll d"r- .J i-=i:-ltl 6tit"ll 6;:.ll .l:;.:-i a,

-:aalEJl ol+SJ^ll &rS"J,frrtlill .at<*I..ll Je 4^
Ca(OH)z + KzSiOr 

---+CaSiOr. 
XHzO + KOH

' EthYl-Acetale cJ-$Jl 9Br..1

+!'G irL la.:l Yl , U t-* ijtl: UIS+J qU" a;r,. irL ,31 , O.rll ;.arc i-El-,, q3+c ;lL
,.'clll JrL-.o;c. :l-:.,Yl JtilJl l++ di^'ll rfc ,;,;r lll .4!t^ii:-i alL # J',rJl *L ol., Jl-:,$ll

.ir*+ 4+Jd #-i_r
jYl &tilll ..-t,.,,=J 

"r.at-JlJ 
L3li^ll fu.r^ll eLIl os a.lt*il1 diX+,-Jl o^ ,-it--b.Jl ha r+

. (Houwink, Salomon, i965)
(2SiO: + CH3COOCzHs + HzO -----+ KOOCCHT -l- C2HsOH +SiOz

CaCla F u...llS$ 'tl oIS

a;.rtiJl 44+1"+ l-iL:^ll l- jl:+ . dLt"ill u,^j al+,- ast^S 6_eJll d.tc JiL JIS& ,-it.-b.ll di3,"l

-:riYl &Uill c;..,=r sers[Jl drtSJ-Jl jA- e- 4leti3 el-Sl

caci2+ KzSio: + H2o 
---------+ 

caSior. XI'IzO + KCI

(CHa)6Nuxl**l!

J &" Jp p" furs. drls+LJl dj'. 4.o kJrlli obii a;rrl.iill l-F #L ,tl^l aJ^a cl;g il3*:e ;rL
(Amorphous Gel)

ilt ;rl-S L:.:i,*ll LliltJl

d 4i.:"ul turFlt el:lj ,J i-ii"-b^ll 
"bllJl ai Jl (ASTM C466 - 1990) i$-r"Yl 4!.-t-5l.Il J+,i6

.f3J-,ti3+ll 411(*l'o J-J--J fglj,-all &lSJ-, Lbt*

IJJJJ*.all c't{*L, dJL.
r-t :a LI J'^ll l.u ;l 5l r ,r+,BJl j UU$JI e#1.- ll qJ",- rJ" ellJF.all drlS+l- LIJ-. ?J+ t'
Y aiES ,j3S; 4ji 4ili*l3^ &^ 6JJSc. ol, iU ,.F--l*-J .trl :i ,frtt! JJ-- eii i, c!"*"ll iia *t+::^

.rrill (3) cJs+lt ,;rg; . (1 :2.68) (Na2o:Sioz) ++j: a-!,lr.J 1.45 *rcr uJlr a+-:+ 48 dlc Jil

.o;Eill q'i 4$hJ6ll e#l--,ll LJ^-^ J$ dr +! Clr ').ci J J.^X U$r<ll-r !:Udl

vt



@ i...rbll il+. l..tdJ'L.i l.J+.oll t .r.dl

e31*U3+ll crEJ-,.bL"
:-l ;la JJ=^ll l:a gl .il , *+tll i4$l+J+Sll e#t-Jl J.,- ua eg-E:+ll crl<il...,JJL-- cJ+ f
1rj: +r"+3 t.36 **Cl o:j: ,JSr i13 >i^-t uj,I 3i g.rt! g!-eJ-. g3, di^,-ll t:a st+x^

JJ--JI "J'+-,+t qs:Jl 416l+^5ll-r +ijj+!l u-r*ill (a) cJO+lt O#J (1:3.3) g3L,n (K2O:SiOr)

.4.6JJ+Sll e+1,.-^Jl Llr dG gr".)-ei

g,l Lti tl it*g3

;&+ gh:3e,.Jl ,,,iJ r;irIt Ot-LYl J+tUl LA di.,-ll qilG^ll3 l"+lJll J-J.-ll i-r; rlrs3.tl

4+itiJl tuJ.Jl ,:,.Q 1pJl $ltJ^Slt &LfrJl # cJLitt ht:rl i_,,X irr^fl ou i*,1_;r r.ic JF YI

. nH3+Jt ll i'+.:.LJl, irsJl<J^ll LJLi^Jl

.}aljl LJ-J-.ll 1+"S 
"J" 

irl.i l lci,,',i :r-i &liill j diri) i:lL;rL 3aA ,',1-rSLJl 6rn.^* Ll

" llil dJr.Jl a+.s +lr:
6.i.".11 Jl 4iil*:l .+lJl (e-5g*ECl &Litl- 3l p_,e;r3,.Jl ei'$l- ) J+lJll cj-J.^tt i.r^S +:-3 g!

. i.* e* (Lurnp Free) \;n^ ll -p &Slt dr 4+lt;. 4+-S A+1;e .,Jc dr.-Jl *-il e,rJUl

lJlill q:L qf 4.og ,yrt ,J J=^tl u :r=-o -,rhL crQ 1l .i,+,Se 4s;A !J+:r^ ,rt+Jl llo +
iJr,'.o i--,*+ 4$l+-r+Sll !)sll &-$ .rL#, L--,S 4Jl eJlJl .9r-."^lf ,-it-+ ,i (Mixing Pan)

g. 4+ji^.il ;*e &SJl .t +Jls 4+rs.e ,Jc d..-=ll aFl o\ ca SLJI ..3_r,s.*,. &t:! J"i+J
$=^ll3 ,-iJJ,'-ll ..lj:ll :i d J.*ll ;t .,i;.:i fJl qplsJl 6_cs,.-Jl OjJ ar,,J u:S3 dll+_l . d_J.-Jl

a-.,G ii!'c. . u* Cl-y !i a+^.,1 L!51 ul liJ+I| "ia JD,i r.r r+_l j!! . Ltrll 
"lL]lAuI oa\F

riJs*,,o ex c.rloj+ ,r' l+l_rl Ll.J.-ll dr. JJ+r" 6-!:,. iiliJ 4+ji^ ll :p "fSl .1. qlLi 4-Bl-i^

. b-,r; JSul c.r r-l-r o-* Jl '''.r ,(1"'ll

Jt jll dl,irril Lr-,j +lrs.3

(Setting dL,l,,3ll drj .,Je J_.---ll aiii*bl c"+lJl j--Jl q.S +rs: + ,,.Fr^ll t-tJl 1i.d +rs3 rr;

. ,",+Jt ll Tirne)

L;ll +r.: i Jl r+ ,o).i gloL"J LJtLll full a!!r ,F9 lo ,-Jr JS a.,.-ill d)L,-ll d,i+.:i

,Jl *ul c.r^j.fl+ il , c!-:p--:.,* tl *'tt, o/o 5,3,1 ,.,..,i1!3 ( 6Js^, Jl 6.o Llul LIll 
,r-E^Jl

'(ASTM C414-lgg0t4$-x"Yl : * "lJtll ':i.-li^ll *lc ir6c,l

Vo

.o/o1.5 a-iL-bYl 4+*r dri! ,'!- CaClz al+r-li



ct^ l*l'1 ,,L.afi U.lJi

& cJ".,
;'ir.b.trll fuj.l U.t3i frl:

l (, ilLir3 crL.aJlritl eltli
i":tr'*itt €r!,a o.il!

LrlLJl tuj"Il 4$tJ-!ilt drlJln^ll Jt5I d(ASTM c414,1990) t$t*"yl iJ*l3ll ai,-lr,^ll 1ir^-,el

6rI r J--^,SI| ;l-+t ^,-tl :.' 'Yl LJIL e,3l*'uoi]l Lrj ( d[r^:iJl d.j dLa^i: #lJ 1+1]^ll ,pt -)J
. (ASTM C531-1990) J,! (ASTM C4l4-1990) ( uiL.^sj)l3 g,al r t)t , L i-!t

ir-,Ell ai--lJ.lt rJb-,,J'--ill dJt iJLiJ i.+:i.ll ajll eL-J-s *U;l i, rr. (5) cb+fl Cr+

%3.0 tLlUlJ dI-Lnll g,";l +$,-tl irlll a.iL;l a*., O'!, rrfi t^. e.:q . (ASTM C466) 4S-*Yl
a!,lJJ J+ljl dls-ll u*-r k+ -r;Jt^Jl &tsll e.,l:=! i.* a*s ,.I-r:Ls ,",JJSI-ll d"rs.,,. .1. L-,,-r

-tU*bi)l L:lL .,Jc .l"r-.fl ,Jf:l!r,:,,,lj-o.ll ,Jiii,$l| O^j ru.c.! L-1r 6r..,* 2 : cJ:J-.- I al[i
al+-'-Jl rl *lt "J' 

LJLII glLl;.ll 4.,."J! ( u:,I^sYl: u-1,-3^)l r LrSJl iy3 J",s,ll +b_l
+g!-r.Yl 4J*l$ll ai.-lJ^ll r3r-l dnU^ll3 r g.uol",(ell, J$Yl &E+-l r CaSOo. ll21g.zo.NazSiFo

uJ- d.(2) 6JiiJl d e--r E: &lill LJ,. urstll l('tJl il.dl irs *:' i.rU,:'i (ASTM C466)

d' ,*s ,Jt$!, L-Jt^ll d:rsll+J tSJ.,tt Po +:s-l e sl d Ca(oH)2, caclz i!,, 11 :l_e,oll ,",;ail

.a!b.L:ll aJJ.X rd_Jt ll gr,,,il. .:.lf ,Jc. J_---ll

tult++Sll {3t .l.cril
i"6r<ll"Jl aiJ^X a:$l+^rsll crLll':^ll JSil # (ASI'M C267) t1l;-,yYl AJ-t$Jl ai.=l, ll crr4tc,l

# tJJ*i.^ll erL"ill lb.^tl LILL r 
"1"1"-YLr 

ta2"O r+ 6"lL"ill 6rr-, L!".in Cl_l .rL=)11 LJli^Jl

LAj'^n r+ 6ilJl '*J ,,r+-)Bl J,+-E^llJ k+ 6i1..:ll -!.e t+ 
"r:L=Yl 

oj ,l.ilii.. ;t*): u.bL*Yl

. Lr"L"-Y\
,t,ri 84 * !tlJ: ").'i ai,.-li^ll .,Jl irts-,l lt.--:,s-iJl "ra ejEi (6) cJs+lf Cxl

,.-:tSJl- _el p3;r-;r.-ll c.L{r'l-, .JJ.- ir dS 6. Na2SiF6 63grj--ll drlal*JJJtri a-tL Ol Jl u4_r

c,+-,;LJl el.*I ,Jr IJ.+ ,JSi: tre.L e Lg 84 4+H ,,:.t^JtJ oslrll L].ill &"3t! $ 6-*-E-r+ll
l(s.u..,l ."'".i'lfr,jidSll &-rr=l ,.loL-Yl L;tL d +$t+tt grll^klf 4;^+ cJ.f,i ui-,,Fs eil-ill

. --, 'lJl.;r' r

4;i.r;sjsll crla;_;y| !t^l t€.ctsl ?+l_rll ehl.p.yl

u. rre gtrl .+-J .;"L-Yl c. u,U+ OrS qFlll el. Jl_r &lJl 4*JSJSJI r:$_;Yl r*LJ

: ,y': sLii.oll *r'r.Jl ,.,11 illtY crlrtijl

V1



@ li.,,aiall il+. Y..t dJ.ri 't . J+.Jl Y .rs,Jl

(Dense d+JSJJSII u. aqis i,tli it, Jlr d;1,-$ 4;i.15.r-6ll cr!,:_1Yt c.rll.k OjSS Ol

+4l: cr!.-a;Yl ou .t_9S3,..r1:, -;-rS:SIl+itl.'tl :l_5,"llj cJ:+illj,itCl-;il| d)"4+ltr Concrete)

.l+JS 

'.:Jl 
t$lJEiAll c.,*_r t<+ ,tSt tJ,,l,3ll al.,' I _rEll_r !_FYt: OrAJt ,_* a+lii_r

(Protective membrane) a-:$lJ ii-J.tS ,sl i.,LJl ;lL ;," {iJ+ d.l+.:-;Yl oin e+ti: el 1".+

gi-.13,.J1 4*#t.rlc iilicl3,-rt;;;).I rL 20 - 15: rJlJ+lJ & 10 - 5 ip g-rl-F c.rtsl-.*r,

.t<r-,l-r- 4+,rr_l

di,+J 4l$Jl .tA e-t-, 6;"ir:l J.t -b L._r[5 6+rr ,rl',,,; ai+h ")toi dfr-ut lljL a1f,;i f -
.JL:il ('*' .tJl tur ll ) Uf Cl &J-ll 0+l k *r 6".)[1ll

-lr li.U -i5 ,r1.,, r'n3ir3 .iJ.JIl ,rl',.oLoll 4+t 6-f i;.b.t.ll q:r^ll ..1. iiiJ. e:lg C+3u clli rr+ -
. t6"l.S:-,1 gs_r

. & 8-6 c29 6JrE oa-p),',i.Jl dlSl eX ,;.',; &l3s cl-! g.
.a+E crl.,cL c.JDti .il;^ eDl3 Jl c,F-r" LJ.-lCl q5s tei|"ii aq (as.L +s uDu )a:r..t! ,.,1. -'. 3*1 -
o.ra d-.!3 iAr'+ ( %40 )SA HzSO+ ,i ; ,%tO jFJ[+ HCI ,.+,"L atrii"'tr;rLc a:: i.r..,'i',ll

.(t^_ll) l.6lt d$ rti Jis*iJ ..r+r.F &tCl
LpLYI cJi furJl ,y tl;i+ "6L=)l e:tfull ilsll eX c* aSrJ3^Jt .I.-lCl ,qFJ^ d.:iJ -
gs-r l*SJ . le 

'.o g^l-i # iJS oJl "r.L"sYl tl-*f *U ilXrij Resin -base mortar ,*;::l-,/l

' (Z) iJs'al 
"s

c,t*Srlll crt+tiiL,Yl

-:,jYl Jl ,J.-Cl i 4+-'+lr^ll L!.,.ill g.riJ ca,,- ,rJc

g''*l+r ty +-;St-'tl -2rS,- ,"+ !L- qJ3l :1j," dr Li"L-'Y L-llL 4$lsll- fuJ,. €Eil CIS^YI+ -
4Jrr- 6rLoS c!,iYl *l',1.,t dAJl p:lr3*-ll GtS+!-,JJJiy +5lL ;lLX (L-rU - 6cl.: ) rLi"Yl

4i--Ul .r3r.J 4iitL 4+ii^ll ,crJl: , 4Ll-l i.rl-S 6j,r-,Egll el<rl. . J J.^J dLlJt d;.j
. (ASTM C466-86) i$-u*Yl 4r-,Sll

,i$lJill a-ilS+: I-IzSo+ ,-,:^L 6:& tarl t^s j$,lJill lits+ HNor gia.L '\:,i /vls+ ai3"ll or,r ,"lls -
i.lrr^ i,r[.oS d+:Jl ,:u-i t6='i cr^.rsil Cl eiL"]Jl el.- & i.* ]++ Si3 r_n_r ]-rl +,l yl

.eLul ,-.1,.;J

le$ . r,+-r i.6l<tl,Jl *U:Jl O'q 6 (ASTM C367) +SyYl 4J-sJl Ai--l-l^]l ,*i
HzSO+ U;oel-., U)-t+ dlli3 .,+Jul 16-'! .,J et;=lj rJ + Y , (,-Jri ,-< i-c,l*, 48 -,13;r.:*r)

VV



i+,.r GIJ .d;js U"lJi

du,Jo.,
t|.' ^t*!l fuJdl ual$ J,JJL,

a+rtl! il.rl' J 4$.':^ll rg-ECt 3i pgs;,.-Jl c1t(*1,, g. &t+ 
",-a.LJl 

lU J .l,r- 07o46 j,,6,J+

, 4:,nls"il-,ll fuJ,"ll *-tJl ,r;c (sitica Gel) ls;u! pa dr" 4#L:J ai+t O_:$li , .r.1-,1kll el-Jl

nrsJ-, JJ.-,r rri.rr+ (Fracke . r:r*l',;:'r$ ff;3' f;",*
"ea,"L e^ crLfo LIJS" Cl i.3l<;l...tl oL3Jl qf rlrJ,.-ll c.,l<ll...d-rt-,.l. y+ 

ey**b:Cl

. HzSOq dl*Jsll

JJ olil-4 ill dl.r^ll Lil*.b^ll *b *iJ,ilt cryl iSJl*Jl fudl 4-,lJr or _1174-Y1+ iF.-j -
iltt dr qlLi , cJlti !r-o.\i. ;.c drlr (nStsJl- ,-...ulr) 4+5,JL, fu:^ .rJr J..-.ll a-::i^ll fuCl

.,,'.tll OF a-ptl ir" d.l" L: anL)l - 4:JSll

-,,1lL..e.oll
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i+yll ;.rtr,cll
4+lJll l-erJl e (teel) , .1.aL$ LJlill iril<+lJl fu/l . cllJ: , dro*i r-r.lJ , rr -ll r.,e

.168cp i.cij.oll os cJSISt 4r.l rJSiSl

\fs t$*ul .JL-,Jl-l ,"tJs.Lil JJs.o +f.:,-_l a+:b4$Ji: , (t}Oll5 rJ^-ll 'i. c}*o;i U,,lj . 6lr"*ll
.J.ri-r L"l.+ r 'o-2-l.,irn 

-,Hc ol;Jisr *:-,,ti . .,s*I.Jl .!,-*lJ.ll 4.el-,*= qf Hl+J.o.9 a+.;Jt olj,=^Jl

r t87l _,r:-,r,i] , O"qSJ-,Jlilt gr.l;ra\t ,",J1-!l_6ll JJ6,.zr, (fem) e Js-o,-ljL, ,.,,jLa.

. .!lj'll - Jr+ , urr,ill3 o;J35ll C-"Jl Ll*ll esJ-ill

160 -J$Jl aiLi" r/ c+l>_,rlJs-iJll JrA,-Jl f*$1 ( (f eeS), J.o:r-o rc; r r3lJ r q*o.,rJr , "+t
. LSl.l*ll - rh+ r g,r.rrill3 o;Jjr1+ll C-,*ll LtIl asJ,.:,ll ,2312 ,lt.rLl. _.u_ri: , 1#Jrll cl-p^=Jl
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f

irf*r e#l.J ,cJ.oI ,.xt.,,1

d*,1".1
;+.a.tJl fu3*tt unt3i "*ilC

,'t slJl Jri*.J +S!-u"llr iilr,;<ll LJ-J,sill (l) JJ+ll

k:i[;l ir-lr i-il,-Jl $l+,-Jl (2) iJ+

dHr Ur. q-ill

V13o/o i+Jt+.+\SJ

97.s sio2
1.12

0.98
AlzO:
FezO:

0.30 CaO
0.21 Na2O + KzO
0. i0 Mgo
0.25 TiOz
0.82 L.O.I

{St*-i-rijl
2.65 q4Cl O_,rrll

0.3s % ol-oll g,oL iol

0.82 % +-,otJ.Jl a:*"1*, ll

82 '&/+rp -ui.;:yt LrtL

"*Gl ,Jr-;;ll rJ _) % ilt -byl aa,i ,J+*"I J
22-ts 3.0 NazSiFo

2l 3.0 CaSO+.1lzlfz}
20 3.0 Ca(OH)z
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22 1.5 CaClz
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11.94 NazO
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eiu.!r' U,-Jsjll
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38
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K2SiO3

r.25 10.5 I I 5 l0

).+

21 48 23
3.0?i,I-Iexamean
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1.0 l8 0.5 9.6 15 +*S.-r.!i U.-lj.Jl
NazSiO:

3.0 19 1.0 9.6 20.7 20
as-r.!l ai-lll

K2SiO3
c531-8s c413-83 c32l -83 c580-8s c579-82 c414-83 c414-83 ASTM 466-86
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