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"OQ=Po|t Q}F-=D V}=tR; G}=Dv Q@ w xO=O Q}}eD =Q |O}U= \}Lt CQOk 'u; OL R= V}@
|=Q@ xm|Qw]x@ 'CU= Cw=iDt |Q@ Q=m ẁv x@ xHwD =@ \}Lt PH pQDvm |xwLv
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uR=Nt Ovv=t |}=y\}Lt QO u}vJty "OW pQDvm ,=@DQt \}Lt pH [15]'|D} RwBt=m
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h=}r= xm l} QwirwU O}U= pwrLt pH u}vJty w |O}U= pwrLt QO xW}W h=}r=
"O@=}|t Vy=m u=tR QPo =@ 'xDW=O Q=Qk u; QO xW}W

xW}W h=}r= |oOQwN Q=mwR=U "2"3
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"CU=
sr=U xW}W h=}r= |=yxvwtv |vRw OYQO 30 OwOL OwW|t xOy=Wt xm u=vJ
O}U= \}Lt QO uDiQoQ=Qk R= TB xm OvyO|t p}mWD s}Urm w sw}v}twr; |=yO}Um = =Q
"Ov=xO=O uRw Vy=m �22 w �21 ?}DQD x@ =yu; R= l} Qy '|vRw �5 l} QwirwU
QO =yu; uOW OQ=w w xW}W Q=DN=U R= CaO w Al2O3 GwQN Qou=}@ xr�Ut u}=
G}=Dv R= "CU=yxvwtv QO Q=Qi O=wt u=R}t hQat L.O.I O=tv "CU= l} QwirwU O}U=
R= xOWxOQwN |=yxvwtv QO Q=Qi O=wt u=R}t xm O};|tQ@ u}vJ 2 pwOH QO xOWC@F
Q=DN=U QO uSwQO}y |v} Ro}=H O} -wt xO}OB u}= "CU= xDi=} V}=Ri= �20 8 x@ �4 7
OYQO OwHw =@ xm CU= u; 2 pwOH G}=Dv u}@ QO ?r=H |xDmv "CU= xW}W h=}r=
u=R}t 'sw}v}twr; O}Um = x@ C@Uv xW}W h=}r= |=yxvwtv QO s}Urm O}Um = QDq=@ |vRw
u=wD|t =Q Q=DiQ u}= Cra "OvQ@=Q@ ,=@} QkD xOWxOQwN |xvwtv QO =yu; uRw Vy=m
xW}W h=}r= Q=DN=U QO s}Urm w sw}v}twr; |=yuw} CN=wvm} Q}e `} RwD x@ \w@ Qt
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4 � C=irwU uw}v; 'l} QwirwU
"OvyO|t pwrLtQ}e ltv p}mWD w xO=O Vvm =w xW}W

Ca2+ + So2�
4 , CaSo4 # (1)

|=Q@ "OwW hPL jwi |xrO=at CU=Q CtU R= Ca2+ xm OwW|t ?@U xr�Ut u}=
O}Um = uw}D=m "O@=}|t COW xW}W h=}r= R= s}Urm |=yuw}D=m GwQN 'Vvm =w pO=aD
Q=DN=U R= Al3+ GwQN Cra wQ u}= R= w OyO Vvm =w C=irwU =@ Ov=wD|tv sw}v}twr;
u}kkLt R= |NQ@ "CU}v XNWt |DUQOx@ l} QwirwU O}U= \}Lt QO xW}W
GwQN &Ovv=O|t sy x@ xDU@=w 'xW}W Q=DN=U R= =Q sw}v}twr; w s}Urm |=yuw}D=m GwQN

|Qwx]we u=tR x@ C@Uv xW}W h=}r= |WWm s=mLDU= C=Q}}eD |vLvt "1 pmW
"|vRw OYQO 5 l} QwirwU O}U= pwrLt QO

QO |Qwx]we u=tR x@ C@Uv xW}W h=}r= |WWm pwOt C=Q}}eD |vLvt "2 pmW
"|vRw OYQO 5 l} QwirwU O}U= pwrLt

QO |Qwx]we u=tR x@ C@Uv xW}W h=}r= CUmW VvQm C=Q}}eD |vLvt "3 pmW
"|vRw OYQO 5 l} QwirwU O}U= pwrLt

|Qwx]we u=tR?ULQ@ xW}W h=}r=CUmWVvQm C=Q}}eD Q=Owtv 3 pmW QO
V}=tR; R= u=tR Qy QO 'OwW|t xOy=Wt xJv=vJ "CU= xOW xO=O u=Wv O}U= QO
OwW|t xOy=Wt u}vJ Q=Owtv G}=Dv R= "CU= xDiQo Q=Qk V}=tR; OQwt xvwtv 5 O=OaD
R= O}U= QO |Qwx]we u=tR Ca=U 192 R= TB h=}r= CUmW VvQm u}ov=}t xm
h=}r= uRw Q}}eD u=R}t |UQQ@ Qw_vtx@ "O@=}|t Vy=m 0 0268 x@ 0 0294 Q=Okt
QO Ca=U 192 COtx@ xW}W h=}r= R= |}xvwtv 'l} QwirwU O}U= \}Lt QO xW}W
CWPo R= TB |O}U= pwrLt pH w xvwtv uRw C=Q}}eD w xDiQo Q=Qk |O}U= pwrLt
|xvwtv uRw 'OwW|t xOy=Wt xm u=vJ "�1 pwOH� CU= xOW |UQQ@ u=tR u}=

103



"""l
QD|

Q}op
mW

Q=mw
R=U

w|
t=mL

DU=
Q=DiQ

|U
QQ@"xOW xOQwN w sr=U xW}W h=}r= |rY= |=yO}Um = XRF R}r=v; G}=Dv "2 pwOH

L.O.I SO3 Sr Br Fe2O3 CaO SiO2 Al2O3 MgO Na2O QY=va OYQO
4 7 � 0 078 1 137 0 257 18 58 58 9 12 19 3 26 0 778 sr=U xW}W h=}r=
20 8 3 64 0 054 0 997 1 015 14 38 46 3 9 51 2 66 0 573 xOW xOQwN xW}W h=}r=

"xW}W h=}r= �EDX� |QYva R}r=v; G}=Dv "3 pwOH

pmW xQ=tW QY=va OYQO C=L}[wD
Mg Al Si K Ca Fe

4 2 44 12 51 55 63 0 77 34 23 1 63 sr=U |xW}W Mv
� 1 94 12 01 52 97 1 06 30 92 1 09 sr=U |xW}W Mv
� 1 8 13 26 47 69 1 76 33 94 1 55 sr=U |xW}W Mv
5 3 92 12 53 54 16 0 0 20 94 8 44 O}U= QO Ca=U 96 |xW}W Mv

hr=6 2 72 11 88 55 33 0 58 23 46 6 02 O}U= QO Ca=U 192 |xW}W Mv
?6 2 37 11 24 54 32 1 77 25 54 4 76 O}U= QO Ca=U 192 |xW}W Mv
hr=8 3 32 13 7 29 77 0 9 26 85 25 46 O}U= QO Ca=U 192 |xW}W Mv
?8 3 34 11 07 52 21 1 17 27 96 4 25 O}U= QO Ca=U 192 |xW}W Mv
� 2 6 9 41 55 5 0 57 28 88 2 99 �l}vwU=QDrw=� O}U= QO Ca=U 192
� 0 97 8 26 51 15 2 95 23 67 13 0 �l}vwU=QDrw=� O}U= QO Ca=U 192

hr=11 3 14 0 0 9 08 2 92 75 89 8 96 O}U= QO Ca=U 1000 |xW}W Mv
?11 1 02 9 62 54 76 0 35 29 27 4 97 O}U= QO Ca=U 1000 |xW}W Mv

xW}W |=yMv |=yxvwtv SEM Q} wYD "CU= xOW xOQw; 3 pwOH QO xW}W Mv
QO Ov=xDiQo Q=Qk |vRw OYQO 5 l} QwirwU O}U= pwrLt QO Ca=U 96 COtx@ xm
Ca=U 96 CWPo R= TB 'OwW|t x_Lqt xm u=vJ "CU= xOW xO=O u=Wv 5 pmW
h=}r= |HQ=N Kw]U |wQ u=tR u}= QO =t= 'OwW|tv xOy=Wt |mQD xW}W h=}r= QO
Mv w O}U= u=}t Vvm =w |xOvyOu=Wv xm xDiQopmW s=Q; s=Q; ?wUQ C=QP xW}W
Q}otWJ V}=Ri= '5 pmW QO xOW xO=O u=Wv |x]kv |QYva R}r=v; "CU= xW}W
Qy EDX R}r=v; xm =Hv; R= "OyO|t u=Wv =Q s}Urm OYQO Vy=m w uy; u=R}t OYQO
Q}}eD Si uwJ |Qo}O QY=va OYQO 'OwW|t pt=W R}v =Q x]kv jta |xR=Ov= x]kv
'l} QwirwU O}U= pwrLt QO =yxvwtv |Qwx]we u=tR V}=Ri= =@ "CU= xOQmv |v=OvJ
Q} w=YD 6 pmW QO "OwW|t xO}O =yu; Kw]U QO |}xOvm =QB w s_vt=v |=ylQD
x�=Q= �� Ov=xOw@ O}U= QO Ca=U 192 COt xm �� xW}W |=yMv |=yxvwtv SEM

|}xOvm =QB w s_vt=v |=ylQD h=}r= K]U QO 'OwW|t xOy=Wt xm u=vJ "CU= xOW
6 pmW QO "CU= xDi=} V}=Ri= COWx@ R}v ?wUQ p}mWD u=R}t w xDiQopmW
x]=L= lQD =@ h=}r= K]U QO xOW p}mWD |=y?wUQ uwt=Q}B xm OwW|t xOy=Wt
QO 6 p=mW= Q@xwqa xOW xO=O u=Wv |x]kv wO |QYva R}r=v; G}=Dv "CU= xOW
'xOW xO=O u=Wv |x]kv wO EDX G}=Dv QO CkO =@ "CU= xOW xOQw; R}v 3 pwOH
'xOW xO=O u=Wv |x]kv wO |QYva R}r=v; u=}t VL=i hqDN= xm OwW|t xOy=Wt
OwHwt s}Urm OYQO Cr=L wO Qy QO xm u}= ut[ "CU= uy; uw} OYQO u=R}t QO

"CU= xDi=} Vy=m sr=U |xW}W Mv QO OwHwt s}Urm x@ C@Uv
uSwQO}y =@ =yu;|v} Ro}=H w uy; |=yuw} GwQN xmCiQo xH}Dv u=wD|t u}=Q@=v@

sw}v}twr; |=yuw}D=m GwQN ?@U Qt= u}= w Ovm|t Q=O}=B=v =Q xW}W Q=DN=U Ca2+

[17w10]"OwW|t l} QwirwU O}U= \}Lt QO xW}W |xOW h}a[D Q=DN=U R=

xW}W h=}r= CUmW w lQD |Q}opmW Q=mwR=U "3"3
l} QwirwU O}U= pwrLt QO uDiQoQ=Qk R= V}B 'sr=U |xW}W Mv Q} wYD 4 pmW QO
xW}W Mv |HQ=N K]U QO Cr=L u}= QO "CU= xOW xO=O u=Wv |vRw OYQO 5
R}r=v; G}=Dv "OwW|tv xO}O Mv |wQ Q@ R}v |@ wUQ w xDW=Ov OwHw |mQD xvwoI}y
Qo}O sr=U |xvwtv wO |QYva R}r=v; x=Qtyx@ 4 Q} wYD |xW}W Mv K]U R= |QYva

"sr=U |xW}W Mv SEM Q}wYD "4 pmW

104



Q}Y
vO}

Lw
wx}

QmW
O=OQ

ytO
wtL

t

pwrLt QOCa=U 192 COt x@ xm xW}W |=yMv |=yxvwtv SEM Q}w=YD "6 pmW
"Ov=xDiQo Q=Qk l} QwirwU O}U=

R= TB h=}r= K]U QO xDiQopmW |L]U |=ylQD R} Q SEM Q}wYD "7 pmW
"|vRw OYQO 5 l} QwirwU O}U= pwrLt QO |Qwx]we Ca=U 192

OwW|t xOy=Wt 'Ov=xDiQo Q=Qk l}vwU=QDrw= CLD xm |}xOWxOQwN |=yxvwtv EDX

Vy=m 'Ov=xDiQo Q=Qkl}vwU=QDrw=CLD xm |}xW}W Mv QO OwHwt sw}v}twr; OYQO xm
|xDWQlD R= sw}v}twr; |=yuw} GwQN O} -wt Qt= u}= "CU= xOQm =O}B |}x_Lqt p@=k
sw}v}twr; |OYQO xm Ci=} QO u=wD|t u}=Q@=v@ "CU= |O}U= |xrtL CLD 'xW}W
xW}W K]U QO CN=wvm} CQwYx@ xm xOW GQ=N xW}W |xDWQlD K]U R= R}v
xDiQopmW |=y?wUQ |x}L=v QO sw}v}twr; R= |Y=N `tHD wQ u}= R= w xOW VNB

O}U= pwrLt QO Ca=U 96 COtx@ xm xW}W Mv |=yxvwtv SEM Q}w=YD "5 pmW
"Ov=xDiQo Q=Qk l} QwirwU

QO uy; |=yuw} GwQN pLt QO |}=ylQDR} Q |Q}opmW ?@U 'O}U= QO OwHwt
u=wvax@ T}} wr [7]j}kLD Q}UiD QO xm CU= |}xH}Dv u}= "OwW|t xW}W Mv K]U
"Ow@ xOW u=}@ xW}W Mv K]U QO lQD |Q}opmW Q=mwR=U x}HwD CyH QO |UOL
192 COtx@ xm h=}r= K]U QO xDiQopmW *|L]U |=ylQD R= |Qo}O Q} w=YD
xOW xOQw; 8 w 7 |=ypmW QO 'Ov=xDiQo Q=Qk l} QwirwU O}U= pwrLt QO Ca=U
u=wvax@ |Y=N Owt w Ov=xOvm =QB w R} Q Q=}U@ =ylQD 'OwW|t xOy=Wt xm u=vJ "CU=
u=}t |}xU}=kt 8 pmW QO "OwW|tv xO}O h=}r= K]U QO CUmW |rY= Owt
xrY=L G}=Dv "CU= xDiQo CQwY xW}W |xDWQlD K]U R= x]kv wO EDX R}r=v;
|}q=@ Q=}U@ OYQO |w=L xW}W K]U |wQ nvQO}iU |x}L=v xm OyO|t u=Wv

"OQ=O R}v |tm Q=}U@ Si u=R}t w xOw@ uy;
sw}v}twr; OYQO u=}t|Dw=iD '8 w 7 |=ypmW Q} w=YD |QYva R}r=v; G}=Dv QO =t=
|oOQwN Ov}=Qi QO =}; xm OwW|t KQ]t p=-wU u}= =Hv}= QO "OwW|tv xOy=Wt OwHwt
V}=tR; G}=Dv x@=Wt |H}=Dv w OwW|t xOy=Wt R}v sw}v}twr; |=yuw} GwQN xW}W Mv
R= |}=yxvwtv 'p=-wU u}= x@ MU=B Qw_vtx@ "Q}N =} O};|t CUO x@ xW}W Mv XRF

s=tL QO '|vRw OYQO 5 l} QwirwU O}U= pwrLt QO xOWxOQwN |xW}W |=yMv
|QYva R}r=v; =yu; |=y?wUQ |t=tD uOwOR R= TB =D 'OW xO=O Q=Qk l}vwU=QDrw=
xOt; CUO x@ G}=Dv R= xvwtv wO "O}; CUO x@ xOv=t|k=@ |xOWxOQwN |xW}W Mv

"CU= xOW xOQw; EDX R}r=v; G}=Dv pwOH QO
G}=Dv w 8 pmW QO xOW XNWt |xvwtv wO EDX G}=Dv u=}t |xU}=kt =@

105



"""l
QD|

Q}op
mW

Q=mw
R=U

w|
t=mL

DU=
Q=DiQ

|U
QQ@=yxvwtv u}= QO xm OwW|t xOy=Wt &CU= xOW x�=Q= 'xOw@ xOvQwN \}Lt QO Ca=U

V}=tR; |] =yxvwtv CUmW Ea=@ =ylQD u}ty w xOQm OWQ Q=}U@ |rw] |=ylQD
?@U Cr=L u}= QO R}v h=}r= QO xDiQopmW |=yVvD |rw] |xir-wt xD@r= "OwW|t
'�10 pmW� OwW p}mWD |}xDUw}B=v I}B Q=t |=ylQD h=}r= R= |NQ@ QO xm xOW
|=DU=Q QO h=}r= |oOQwNlwQJ R= pY=L |=yVvD syU |xOta xm =Hv; R= =t=

"OwW|t xOy=Wt |QD|wk |rw] |=ylQD =yxvwtv QDW}@ QO 'CU= |wkrL
xOQw; 3 pwOH QO 11 pmW QO xOWXNWt |x]kv wO |QYva R}r=v; G}=Dv
Ca=U96 xm|}=yxvwtv hqNQ@Cr=L u}= QO 'OwW|t x_Lqt xm u=vJ "CU= xOW
xOy=Wt uy; ?wUQ Q=vm QO R}v s}Urm ?wUQ 'Ov=xOw@ O}U= QO Ca=U 192 w

'xDUw}B=v I}B Q=t |=ylQD w xDi=}OWQ |rw] |=ylQD SEM Q}wYD "10 pmW
"�O}U= QO Ca=U 1000� h=}r= K]U QO xDiQopmW

QO Ca=U 1000� h=}r= K]U QO s}Urm |q=@ ?wUQ SEM Q}wYD "11 pmW
"�O}U=

"�O}U= QO Ca=U 192� h=}r= K]U QO uy; |q=@ ?wUQ SEM Q} w=YD "8 pmW

1000� h=}r= K]U QO xDiQopmW CWQO |rw] |=ylQD SEM Q}wYD "9 pmW
"�O}U= QO Ca=U

CLD xm xOWxOQwN |=yxvwtv QO OwHwt s}Urm OYQO u}vJty "OW|tv x_Lqt
"CU= xOQmv =O}B |v=OvJ Cw=iD xOWxOQwN |=yxvwtv Qo}O =@ Ov=xOw@ l}vwU=QDrw=
xW}W K]U R= |O}U= |xrtL CLD xm s}Urm uw} xm s} Q}o|t xH}Dv wQ u}= R=
|Qwx]we u=tR V}=Ri= =@ "CU= xOQmv CUWv xW}W K]U |wQ 'Ow@ xOW GQ=N
|oOQwNlwQJ R= |W=v |=ylQD |Q}opmW Q=mwR=U x@ xHwD =@ 'O}U= QO =yxvwtv
Q=}U@ =yxvwtv K]U QO =ylQD u=R}t '|vw} |x}rND Q=mwR=U p}rOx@ xW}W |xDWQlD
*|oOQwNlwQJ R= pY=L |=yVvD |xOta 'OW EL@ QDV}B xm u=vJ "Ovm|t OWQ
|=ylQD |Q}opmW ?@U xm Ov=|wkrL |}=yVvD 'h=}r= *|vw} |x}rND R= |W=v
1000 COt x@ xm |}xvwtv SEM Q} w=YD 10 w 9 |=ypmWQO [10]"OvwW|t |rw]

106



Q}Y
vO}

Lw
wx}

QmW
O=OQ

ytO
wtL

t OwHwt s}Urm w sw}v}twr; O}Um = '|Qwx]we u=tR R= Ca=U 200 CWPo R= TB "3
Q=DN=U QO |vRw OYQO 22 w 21 |xR=Ov=x@ l} Qy xW}W Mv |=yxvwtv QO
Mv QO OwHwt s}Urm O}Um = QDW}@ OYQO x@ xHwD =@ xm 'Ov=xDi=} Vy=m xW}W
Q=DN=U QO QY=va u}= CN=wvm} Q}e `} RwD R= |W=v u=wD|t =Q Vy=m u}= 'xW}W

"CUv=O xW}W
|oOQwNlwQJ R=|W=v |=yVvD 'Ca=U192COtx@ |Qwx]we u=tRV}=Ri= =@ "4
?@U '|O}U= \}Lt QO h=}r= |vw} |x}rND Q=mwR=U p}rOx@ xW}W K]U

"OwW|t =yxvwtv QO |t_vt=v w xOvm =QB |�RH |=ylQD |Q}opmW
R= Ca=U 192 CWPo R= TB '�6 pmW� EDX V}=tR; G}=Dv x@ xHwD =@ "5
OYQO u=R}t w Vy=m xOWXNWt \=kv QO s}Urm OYQO '=yxvwtv |Qwx]we
OYQO 6 pmW QO xOWXNWt |x]kv wO xm =Hv; R= "CU= xDi=} V}=Ri= uy;
=@ =yu; |v} Ro}=H w uy; |=yuw} GwQN xm s} Q}o|t xH}Dv 'OvQ=O |Q@=Q@ s}Urm
GwQN pLt QO |}=ylQDR} Q |Q}opmW ?@U Ov=wD|t O}U= QO OwHwt uSwQO}y

"OwW xW}W Mv K]U QO uy; |=yuw}

"CU= xDi=} Vy=m R}v xW}W Mv K]U QO OwHwt sw}v}twr; OYQO u}vJty "OwW|t
Q=Qk l}vwU=QDrw= CLD xm |Qwx]we u=tR u}= QO x@=Wt |=yMv |QYva R}r=v; QO
xOy=Wt R}v OYQO 17 s}Urm w OYQO 5 =} 7 sw}v}twr; OYQO =@ |}=yxvwtv 'Ov=xDiQo

"CU= xOW

|Q}oxH}Dv "4
5 l} QwirwU O}U= pwrLt QO xW}W h=}r= |=yxvwtv |Qwx]we u=tR V}=Ri= =@ "1
GwQN p}rOx@ Qt= u}= xm O@=}|t Vy=m h=}r= |t=mLDU= X=wN '|vRw OYQO

"CU= xW}W Q=DN=U R= s}Urm w sw}v}twr; |=yuw}
Ca=U 96 COt x@ xOWxOQwN h=}r= |=yxvwtvw sr=U h=}r= |=yxvwtv QO uwJ "2
QO h=}r= Ov=tUB |rw] |=yVvD syU 'xDW=Ov OwHw |Y=N lQD xvwoI}y
xW}W Mv QO I}B Q=t |=ylQD |Q}opmW x@ QHvt xm �� u; CN=U Ov}=Qi u}L

"CU= R}J=v Q=}U@ xOWV}=tR; |=yxvwtv QO �� OwW|t

�References� `@=vt
1. Price, J.N. and Hull, D. \E�ect of matrix toughness on

crack propagation during stress corrosion of glass rein-
forced composites", Composites Science and Technology,
28, pp. 193-210 (1987).

2. Price, J.N. and Hull, D. \Propagation of stress corro-
sion cracks in aligned glass �ber composite materials",
Journal of Materials Science, 18, pp. 2798-2810 (1983).

3. Kumosa, L.; Armentrout, D. and Kumosa, M. \An eval-
uation of the critical conditions for the initiation of stress
corrosion cracking in unidirectional E-glass/polymer
composites", Composites Science and Technology, 61,
pp. 615-623 (2001).

4. Megel, M.; Kumosa, L.; Ely, T.; Armentrout, D. and Ku-
mosa, M. \Initiation of stress corrosion cracking in unidi-
rectional glass/polymer composite materials", Compos-
ites Science and Technology, 61, pp. 231-246 (2001).

5. Kumosa, L.; Armentrout, D. and Kumosa, M. \The ef-
fect of sandblasting on the initiation of stress corrosion
cracking in unidirectional E-glass/polymer composites
used in high voltage composite (non-ceramic) insula-
tors", Composites Science and Technology, 62, pp. 1999-
2015 (2002).

6. Metcalfe, A.G. and Schmitz, G.K. \Mechanisms of stress
corrosion in E-glass �laments", Glass Technology, 13,
pp. 5-16 (1972).

7. Lewis, G.; Bedder, S.W. and Reid, I. \Stress corrosion of
glass �bers in acidic environments", Journal of Materials
Science Litters, 3, pp. 728-732 (1984).

8. Armentrout, D.L.; Kumosa, M. and McQuarrie, T.S.
\Boron-free �bers for prevention of acid induced brittle

fracture of composite insulator GRP rods", IEEE Trans-
actions on Power Delivery, 18, pp.684-693 (2003).

9. Ehrenstein, G.W. and Spaude, R. \A study of the corro-
sion resistance of glass �ber reinforced polymers", Com-
posite Structures, 2, pp. 191-200 (1984).

10. Qiu, Q. and Kumosa, M. \Corrosion of E-glass �bers in
acidic environments", Composites Science and Technol-
ogy, 57, pp. 497-507 (1997).

11. Jones, F.R. and Rock, J.W. \On the mechanism of stress
corrosion of E-glass �bers", Journal of Materials Science
Litters, 2, pp. 415-418 (1983).

12. Das, B.; Tucker B.D. and Watson, J.C. \Acid corrosion
analysis of �ber glass", Journal of Materials Science, 26,
pp. 6606 (1991).

13. Bin, W.; Hailin, C. and Shenhua, S. \Environmental re-
sistance and mechanical performance of basalt and glass
�bers", Materials Science and Engineering A 527, pp.
4708-4715 (2010).

14. Metcalfe, A.G.; Gulden, M.E. and Schmitz, G.K. \Spon-
taneous cracking of glass �laments", Glass Technology,
12, pp. 15 (1971).

15. Farshad, M. and Necola, A. \E�ect of aqueous environ-
ment on the long-term behavior of glass �ber-reinforced
plastics pipes", Polymer Testing, 23, pp. 517-521 (2004).

16. Kumosa, L.; Kumosa, M. and Armentrout, D. \Resis-
tance to stress corrosion cracking of unidirectional ECR-
glass/polymer composites for high voltage composite in-
sulator applications", Composites, Part A, 34, pp. 1-15
(2003).

17. Ramachandran, B.E.; Pai, B.C. and Balasubramanian,
N. \Studies on the acid resistance of E-glass", Journal
Am. Ceram. Soc, 63, pp. 1 (1980).

107



A STUDY ON THE STRENGTH
BEHAVIOR AND CRACK
FORMATION MECHANISM IN
E-GLASS FIBER UNDER
CORROSION CONDITIONS
M. M. Shokrieh?
shokrieh@iust.ac.ir
V. Nasir
nasir@mecheng.iust.ac.ir
School of Mechanical Engineering
Iran University of Science and Technology

Sharif Mechanical Engineering Journal
Volume 28, Issue 3, Page 101-107, Research Note

c
 Sharif University of Technology

Abstract
In this study, the strength behavior and crack formation
mechanisms of E-glass �ber exposed to a sulfuric acid
environment for di�erent immersion times were investi-
gated. In order to study strength degradation, E-glass
�bers were immersed in sulfuric acid. The strength re-
duction, sti�ness and fracture strain of �bers versus im-
mersion times was studied. The corrosion mechanism of
E-glass �ber exposed to acid was examined by a quan-
titative X-Ray Fluorescence (XRF) method. The re-
sults showed that the corrosion of E-glass �ber was ac-
companied by removal of Al, Ca and Fe ions from the
�bers. Moreover, intact and degraded �bers were exam-
ined by Scanning Electron Microscope (SEM) and En-
ergy Dispersive x-ray Microanalysis (EDX) methods to

show the relation between the reaction of E-glass �ber
elements and the acid environment. The ion-depletion-
depth model was used to study the fracture process. The
results showed that by increasing the immersion time
in acid, the spiral stress, induced due to the shrinkage
of the E-glass �ber surface, caused axial cracks in the
�bers. Di�erent points of the �bers in which cracks were
generated were examined by the EDX method. The re-
sults were used to explain the role of Al, Ca and Fe ions
in the creation of surface cracks on E-glass �bers sub-
jected to sulfuric acid for di�erent immersion times. By
increasing the immersion time of the glass �ber in sul-
furic acid, the magnitude of strength of the glass �ber
was reduced. Strength degradation was caused by de-
pletion of Al and Ca ions of the glass �ber. Moreover,
this degradation depends on �ber fabrication, type and
concentration of acid, and immersion time. After 192 h
exposure time, based on the results of EDX, it could be
seen that the depletion of Fe ions and their replacement
with the hydrogen of acid caused micro-crack initiation
on the glass �ber surface, where Fe ions were leached
out. According to the ion-depletion-depth-model, by
increasing immersion time, the crack formation mech-
anism was caused by the ion depletion of the E-glass
�ber.

Key Words: glass �bers, stress corrosion, ion-depletion-
depth model, crack, sulfuric acid.

? corresponding author
Received 12 September 2010; received in revised form 24 May
2011; accepted 25 July 2011.




