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ẁvtt =yQwWm ?re= R=UwCN=U CavY QO u; hQYt w O}rwD 'u=Uv= |DtqU

OQ=w uO@ x@ |WQ=wo w |UivD |=yx=oDUO j} Q] R= ,qwtat h=}r= u}= "CU= xOW
x=oDUO x@ CU@ R; h=}r= OwQw "OvwW|t QHvt |m =vQ]N |=y|Q=t}@ x@ w OvwW|t

[5�3]"Ovm O=H}= |mryt |=y|Q=t}@ Ov=wD|t xS} wx@ '|UivD
"OQ=O |oDU@ uO@ x@ xOQ=w h=}r= u=R}t w ẁv x@ xOWO=H}= |=y|Q=t}@ COW
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"CU= xOt; CUO x@ |RrwrU h=}r= ẁv u}= R= xO=iDU= =@ |v=t}U |=yxkQw Ctw=kt
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"O@=}|t V}=Ri= |yHwD p@=k Q=Oktx@ =yxvwtv sHL 'h=}r= OYQO V}=Ri= =@ xm CU=
h=}r= OYQO 2 |=Q@ =yxvwtv Ct=N[ V}=Ri= QO K[=w Qw]x@ sHL V}=Ri= u}=
7 OwOL x@ 6 OwOL R= h=}r= OYQO 4 |=Q@ w QDt|r}t 6 OwOL x@ 5 OwOL R=
V}=Ri= Ea=@ |OwOL=D \wrNt x@ h=}r= uOwRi= OYQO "OwW|t xOy=Wt QDt|r}t

CU@ R; h=}r= OYQO 2 |w=L |xvwtv "OwW|t xvwtv |Q}PBpmW V}=Ri= Ea=@
p=mU=B=ot 8 2 |WtN Ctw=kt OYQO 4 |w=L |xvwtv w 5 3 |WtN Ctw=kt
xOWxDN=U Q=OGwt |v=t}U |=yxkQw QO xm CU= |r=L QO u}= "OyO|t u=Wv =Q
w OwQ|t Q=m x@ CU@ R; h=}r= OYQO 15 =D 12 OwOL ,qwtat u=Q}= |=yxv=NQ=m QO

"CU= p=mU=B=ot 17 =D 12 OwOL R}v =yu; |WtN Ctw=kt
Q} w=YD 'u=t}U T} QD=t QO h=}r= |Q}oQ=Qk C=}�RH w Q=DN=UR} Q CN=vW |=Q@
x�=Q= 10 =D 8 |=ypmW QO =yu; R= 6�SEM� |vwQDmr= AwmUwQm}t =@ xOW xDiQo
|Q@ R ,=D@Uv K]U xOW xO=iDU= T=o =@ h=}r= OwW|t xOy=Wt xm u=vJ "CU= xOW
Ovv=wD|t xm OvDUy |OOaDt |=yxJQ=D =} =yxDWQ |=Q=O Qo}O CQ=@ax@ =} OvQ=O
C=QP u}vJty "�8 pmW� Ovm O=H}= u=t}U T} QD=t =@ |@U=vt |m}v=mt |Q}oQO
=@ ?U=vt VQ}o sOa Ea=@ w xDiQo Q=Qk h=}r= h=Q]= QO xm |R} Q Q=}U@ C=QP� xm =N
u=t}U Q}tN � h=}r= lQDWt K]U QO VRer =@ Ov=wD|t xm '�OwW|t u=t}U Q}tN
OQwt T=o =@ 'u}=Q@=v@ "OQ=Ov OwHw h=}r= u}= QO 'Oy=m@ h=}r= ?U=vt OQmrta R=
|=Q@ ?U=vt K]U w QDt|r}t 1 3 OwOL pw] |=Q=O w xOw@ xm =N Ok=i xm xO=iDU=
xDW=O |tyt Q}F-=D |WtN Ctw=kt V}=Ri= QO 'CU= u=t}U =@ |m}v=mt Ovw}B O=H}=

"CU=
xOwD w Ov=xOW xDWQxDWQ |@ wNx@ =yCtUk |NQ@ QO xJQo = TwDB}r=m = h=}r=
QDh=Y T=o =@ h=}r= x@ C@Uv h=}r= K]U 'CU= xOW p}O@D lD h=}r= x@ h=}r=

"T=o =@ h=}r= R= SEM Q}wYD "8 pmW

"TwDB}r=m = h=}r= R= SEM Q}wYD "9 pmW

10

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

"""w
|}=i

wu
UL

r=w@=
'|t

QN
|[

DQt w� Ci=Qm |=yxvwtv |v=UWm ?} Q[ Vy=m QO |tyt Q}F-=D ẁ[wt u}= OUQ|t
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um\wrNt x=oDUO QO =yxvwtv CN=U u}L QO xm |Qw]x@ CU=yxvwtv QO pNrND
OwHw OvJQy 'Qo}O CQ=@ax@ "OW Qy=_ u=t}U ?=ewO |wQ Q@ |O=} R |=y?=@L R}v
?} Q[V}=Ri= QO 'CU= u=t}U x@C@Uv QDq=@|v=UWm?} Q[ |=Q=O OwN xm h=}r=
x@ pNrND V}=Ri= Ovv=t u; |@v=H C=Q}F-=D 'OQ=O |tyt Vkv C} RwBt=m |v=UWm
Vy=m Ea=@ h=}r= |vRw OYQO V}=Ri= 'x}rw= QwYD hqN Q@ xm CU= O=} R |OL

"OwW|t |v=UWm ?} Q[
|x}rw= \@=wQ xm OyO|t u=Wv R}v xv}tR u}= QO xOW s=Hv= C=k}kLD |UQQ@
� |v=t}U |=yC} RwBt=m |v=UWm ?} Q[ OQwtQO u}kkLt Q}=U \UwD xOW x�=Q=

[15]%CU= xOw@ u}vJ |i=}r=
Ec = Em(1� Vf ) + EfVf (10)

Vf w h=}r= w u=t}U T} QD=t 'C} RwBt=m pwOt ?}DQDx@ Ef w Em 'Ec u; QO xm
OQ=wt R= |Q=}U@ QO x]@=Q u}= xm =Hv; R= "CU= C} RwBt=m QO h=}r= |tHL OYQO
u}= [11w2]QDO}OH C=k}kLD G}=Dv T=U=Q@ 'CW=O |}=yCw=iD |y=oW}=tR; G}=Dv =@
u=Wv C=k}kLD u}= G}=Dv "OW p}tmD 11 |x]@=Q CQwYx@ w xOW KqY= \@=wQ
xOW QDW}@ u=t}U T} QD=t |=yxQiL Q=Okt u=t}U Q}tN x@ h=}r= uOwRi= =@ xm O=O
u}= QO u=t}U Q}tN ?}DQDu}O@ "O@=}|t V}=Ri= u=t}U Q}tN X}=kv xH}DvQO w
QO "CW=O Oy=wN �pQDvm � Oy=W |xvwtv x@ C@Uv |QDsm |v=UWm ?} Q[ Cr=L

%O};|t CUO x@ 11 |x]@=Q R= |v=UWm ?} Q[ Q=Okt Cr=L u}=
Em = Emo(1� p) (11)

=yxQiL OYQO p w 'h=}r= uwO@ |v=t}U T} QD=t |v=UWm ?} Q[ Emo u; QO xm
CUO x@ 12 |x]@=Q R= w xOw@ h=}r= OYQO R= |a@=D OwN xm CU= C} RwBt=m QO

%O};|t
p = 0 0522 + 3 7407Vf (12)

QO O=} R ?=@L w hm OwHw OW xOy=Wt C=W}=tR; s=Hv= u}L QO xm |tyt |xDmv
Q_v x@ "Ow@ Qo}O h=}r= ẁv wO x@ C@Uv Ci=Qm h=}r= |w=L |=yxvwtv CN=U u}L
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1. serpentines
2. amphobiles
3. chrysotile
4. Hatschek
5. Canadian standard freeness (CSF)
6. scanning electron macroscopy
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