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ABSTRACT

This study investigated the causes of 2-5 cm.

cracks on the runway of Takli air base. and

suggested the preventing measures and repairing

method. The study emphasized on the investigation

of chemical compositions of aggregate used for

construction. especially the iron content. X-Ray

Diffraction(XRD)analysis was used to determine

the compositionsof the deteriorated aggregate and

the interfacecomponent. Based on the conventional

repairing method. the comparative study on

repairing materials was carried out. Test results

showed that the cracks were originated due to the

oxidationof pyritecontained inthe aggregates used

forconstruction.Pyrite.detected by the XRD.reacted

with oxygen. moisture. and cement paste around

the aggregate resulting in the products of gypsum

and jarosite which could also be detected by XRD

technique of the interface component. The

suggestion on the preventing measure was to avoid

using aggregatecontainingpyrite and aggregate

containinghigh amountof iron.For repairingmaterial.

the epoxymortarwas recommended.
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Jt .; ..
1tJU"I1'1'U'" tJ.9Ilflft

0.07,0.35,0.17,0.16,0.15,0.25,

0.28, 0.16, 11ft:: 0.30

1.59,2.02, 1.34,0.08,0.07,0.11,

~ JJM. 0.55, 0.41, 0.41, 0.40,

0.81, 11ft:: 1.25

ii'U~'t\'\JlnntJ~iiumu1u 11~ 0.18,0.18,0.23,0.19,2.60,0.13,

11ft::0.1611U'U'U1UL1tJtJlnlfl

lu'JJru,.,,,yI1..r.:l.Jlrn'JJrnFe 0 lu~ufi'1.~~ln eJ.\911n-Wl.jlU1UVI,i'l
2 3 "..,",~ od " ..

:I.J"lb'mnlJ 5.42 bb~~ 3.04% 'If'lfl'ln11"1:I.J1n'VlflC?1'V13% 'VI... .
m1~'\'IIlJ lu~utJuvi11tJ Cj]ldl'l~ 2 bbflC?1'1~mmrnC?1fleJlJ'JJeJ'I.;r'l...'"
30 cildmJuu

~~~1~~'Imh1"i11tJclmr~~1~rnlti'l~uCj]eJumH~eJn
...

~deJ~l'l~Ub~eJcl'l 1tJ'VIC?1fleJlJ~'Im~ lVf~~~bbCj]n~h'lnu lumru

~~deJ~l'l~u~cl'l 11.11b"dl~VI"WbtiU~deJ~l'l~btiU~1bb'VIU'JJeJ'I~U

.;r'lVl:I.JC?1~~'I~'I,xU~'IbtiU 1tJ1~';hm~1b"dl~'I-i'Vllm:I.JlrnbVl~n

eJeJnl'1f<;)~eJ~lmtJ'JJeJ'I Fe 0 m~~~ 13Jfll:I.Jl~fI'ihl:.lm1~fleJlJ
2 3

ff:I.J:I.J~J1U1~ ~'Im~~~l~rn 11TIm~1bml~'I-i'5u~lVf~~~

Ulb~eJi1eJ:l.Jlnn11

~ln~~~'In~ld'iil'l.;rU~'I"b1tJclm~lmTIm~~l~rnl
...

bnlJ~deJ~l'l~ln~U~bnC?1i1qJVll~~'I bb~~lmTIm~Cj]~d~fleJlJbblJlJ

X-Ray Powder Diffraction (XRD) lum~Cj]TI~ffeJlJVllffl~

~neJlJ~~eJ~1u~1eJ~l'l~U~'I b~m.b1tJclm~lmbVlCj]~bbYf~~'I... ....
1tJ~ 4 bbflC?1'1m1bnlJ~deJ~l'l~~ii'mtrn~btiu~'I~U~~1~~eJ~... . ...
lubiieJ~U

~U~ 4 m~d~1J&118!i,~~iiin1t~=Li1'U.N~N'U.afi,... .
..;.. .'1 1/...
'I1~8!1 L'U.L'U.8'W'U....

~~m11b"dl~'I-i'~dl:.l XRD rilVlW~'I~deJ~l'l 2 'lfC?1.
'\'IIlJ11~bd1'\'11hcqj' Vl7eJ FeS btiucldutJ1~neJlJ.;r'lfleJ'I~deJ~l'l

2

~'IbbflC?1'1lUCj]111'l~ 3 VI:l.Jll:.lml:I.J11 tJ~:l.JlrnbVl~n~~eJ~
...

:l.JlmnU 1tJul~~eJ~luw'JJeJ'Ibd1'\'111~cqj'... ...

4.2. 3 Nf;'Imnm'1f/;;€Jt'fJ.JJ.J~uum:m"J~r;;'ifJt'f€J1J

GI'~~~ 3 if~UN~m~1LA~'=~&118!i'~N~N'U.im6l'J!I XRD. .

~ln~~XRD ~l~'Vh lVf.;reJ'I~mww.;reJfl:I.J:I.J~J1U~
'" ..t X ~ ,od, A .J A X
,C?1Cj]'I'JJU,VI:I.J '1f'lmC?1dlfllbV\Cj]'JJeJ'IffU:l.Jbb~~1eJl:.lbbCj]n'VImC?1'JJu.

Ul~~bnC?1:I.Jl~lntJiiffimeJeJn<6bC?1~'JJeJ'I 1'\'1111cqj'~'Im:I.J1~eJfu.J11:.I

l~~dl:.lfl:I.Jm~b~m.;reJ'I~'Id [2]

2FeS + 70 + 2H 0 ~ 2FeSO + 2H SO, " " , (1)

FeSO ~bnC?1~Ufll:I.Jl~mhtJiiffim\1leJ lVf~~Cj]i(rn.n
4

Hydrated Sulfate b'iiUMelanterite (2FeSO .7H0) bb~~
4 2

Hydronium Jarosite (Fe (SO) .2H0) ~'ItllbnC?1~Ulu
3 4 2 2

bdeJ~U ffl:I.J11f1vh lVfbnC?1m1'JJml:.l~dbb~~bbCj]neJeJn lu~ffC?1.
ueJn~lndbb~d FeSO m:I.J11f1'Y11tJiiffimnlJCa(OH) ~~

'" 4 ,2

eJ~lubi:teJ:l.JeJ1.;rl 'Y111VfbnC?1tJiiffimCj]1:I.Jff:I.Jm~ (2) bb~~ (3)

l~~~Cj]i(rn.n~tJ-ii:I.J bb~~ Fe(OH) ~Cj]nCj]~neJu lVf~J1Cj]1~bbC?1'1
, 3

"~ll:.l~flU:I.JibubeJ'I

2FeSO, + Ca(OH), + 2H,G ~ CaSO, .2H,G + Fe(OH), (2)

Fe(OH), + 1/20, + 2H,G ~ 2Fe(OH), (3)

cldUmC?1-ii~mn ffl:I.Jl~fI'Y11mI:.l1~.;r'lcldutJ~~neJlJ'JJeJ'I...

bdeJ~Ubb~~:l.JeJ1.;rl ~'Im~'Y111VfbnC?1~~Cj]i(rn.n~rieJ lVfbnC?1m1

'JJml:.l~11~ b'iiU Halotrichite [(Fe,Mg)AI (SO) .22H 0]
2 4 4 2

Potassium-Jarosite (KFe (SO) .(OH» bb~~~tJ-ii:I.J
3 4 2 6

(CaSO .2H0) ~'Ifl:I.Jm~ (4)
4 2

H,SO, + Ca(OH), ~ CaSO,.2H,O (4)

1i ... ~ G.J .J ... X ",.. ..
UeJn~lnU~~Cj]l1rn'VIeJU'1 'VIm~bnC?1'JJu ,C?11d:I.JfI'I

Natrojarosite (NaFe (SO) .(OH)) tll~ Na+:l.Jlm~m'\'lleJ
3 4 2 6

[3] bb~~ti'lm~'Y111VfbnC?1Ettringite (Ca AI (SO )OH - -
6 2 4 12

26H 0) ~Ul~biieJ'I~ln-ii~b~Cj]~bnC?1~U~lntJiiffimeJeJn<6bC?1-iiu2

'JJeJ'I1'\'11hcqj'm~'Y11tJiiffimnlJ Monosulfate Hydrate Vl7eJ

Calcium Aluminate Hydrate [4] bb~~ti'lm~bnC?1

Thaumasite (Ca Si (CO )(SO )OH -12H 0) ~u1~
3 3 4 6 2

(Burkart lu [5])

~'I,xu .rieJ'VIdllJ~~Cj].nrn.n~bnC?1~Ubb~1 lu~u\1leJ 11.1

~'I~~ 1~'Y11 XRD b~eJCj]~d~ffeJlJfllW1~neJlJ~~eJ~lu~1eJ~l'l...

A1tJthii l,.,nh::ntJ1J

1 kaolinite, gypsum, paragonite, jarosite, muscovite,

quartz, 11ft::

2 gypsum,muscovite, kaolinite, calcite, quartz, 11ft::

I



iiiU"iI1.:J~bn~i1qJVllbb~~1bdru;~mJ'lI;:hu Interface ~.:JbbG'f~.:J

lu~~ 5 ~.:J"iI:;YMJl~1J1b1ru:.ieJ1J'l bdeJiiiUVI~eJInterface

"iI:;~1J'N'j~G'ffuJJ1\9l1~bb~.:J~.:Jm"il"il:;dju~'lJeJ.:JFe(OH) ~1~
3

"iIlnm.JrnTII 3 bb~:;~'lJ11m"ilbUU~'lJeJ.:J~hJ6jf~~bn~~uvf.:J"iIln

G'f~rnTIi 2 bb~:; 4

'31J~ 5 ~1i1!.h.(lm... ~ LLS6HI ~<WL\tu. ii'iIih'U.L ~ilm... (iM1)..

il1'U. Interface LL~:::a1'U.AiI'U.n;CJI tCJI!l'ail1J

CJl1'a1.(1~4 N~n1'a;LA"J1:::~@i1!1 XRD

\9l1'.il.:J~4 bbG'f~.:J~,mrn'.ilbml:;~~1~ XRD'lJeJ.:Jcl1U

bi~eJiiiubb~:;cl1U Interface ~1J".hSjrn~1Jbd1~1'.i~Ettringite

bb~:;~tl6jf~ 1ubdeJiiiu cl1U1U Interface ~1J ~~\9lii'ru..n

Natrojarosite bb~:;~tl6jf~ ~.:JbUU~~\9lii'ru..n~bn~~u

"iIlntliJmmeJeJn~b~6jfU'lJeJ.:J1~ 1'.i~ ~.:JY]11Vim~1'.i{)G'f11.l1~'hd

1~ h~~SjmjluiiiubuuG'fl bVl\9l'IJi).:Jrn'.ibn~i)i)n~b~<jfubb~:;'j,b.. ,

1t1clrn'.i'iil'.i~~~hvn.:J~.:J.. ,

4.3 N~n1'aLS'U.ilLL 'U.:::LL 'U.1't11.(1n1'ailil.(ln'U.

brim1'.il1JG'flbVl~~bn~~uw;h;h bn~~U~1"illntliJn1m

eJi)n~b~<jfU'lJi).:J bb11 ~ 1 '.i~~SjmJ1 U iiiu rn'.ibG'fUi) bbU:;lIDJi).:Jr1U..

rn'.i'iil'.i~~m"ilbn~~U lu~mfru.:;b~mr1ubb1J1J'd:Bn Y]11~~~,
iJi).:Jr1U'W1ViSjrn'.i 1~iiiu~Sjbb11~ l'.i~b~i)tlu lu.:Jlur1i)G'fTl.:J ~.:J

b~m~udii.:J 'W1~t1m~n11iiiu~Sjbb11~ 1'.i~ Reactive C?ii)~eJ~~l~

VI~eJ'W bbC?i~"iIl'.iru.llViVlf1m~~.:Jiiiu~Sjbd1~ 1'.i~ ~.:J,xU~.:JG'fl~l'.i{)

bG'fUmbu:;bbu1vmiJeJ.:Jr1u lub~i).:J~U 1~ ~.:Jd~i)

4.3. 1 n7"ilf.Jtn~lf?mmJJfh lITdG'fl~l'.i{)n'.i~Y]ll~

biieJ.:J"iIlmd1~ h~~1J~ln lu'.iti'IJeJ.:J~~nmJ1u'.i:;1J1J 3 bmubvh.. ..

Sj~b VI~i).:JeJi)U~~l ~ bVl~eJ.:J'YIeJ.:J ~1 bUUb.:J1111 ~~l ~'YIeJ.:J~l

I ~ 1 " '" ~.. A A= X
b~~m tI~~n"il~biJu~tI'Jn1Jlf1n cl1u~~n~tli)u'l 'YIm~'lJu

l~bbr1 Pyritohedron bb~:; Octahedral m"il~1JbUuneJu

bU~1~bij~ buubdeJG'f~lUr1UbbUU[6]

4.3.2 mJ~7J'fJfl£]1JmJ-/7m Fe 0 tm::S lumrn~
2 3

'WG'fl~1'.i{)f{.:Jm\9lbb11 ~ h~11~~h ~\9l1btl~1 1ViY]lrn'.i'YI~G'feJ1J'YIl.:J

b~Sjb~i)Vllm~lru. Fe0 bb~:; S ~~rn'.i'YI~G'fi)1JlU\9l1'.il.:J~5
2 3

bUU~~'YI~G'fi)1J~lVlWiiiu 10 ~bmjl.:J~Sj1Jl.:J~bmh.:J'YI'.il1J11Sj

bd1~h~\9ln~~nmj (~bmjl.:J~ 5) 1Jl.:J~bmh.:JSj~~~l~~G'fU~..

(~bmh.:J~ 1 bb~:;2) 1Jl.:J~bmh.:JSj~Jl\9l1mb~.:J (~bmh.:J~ 6)

bb~~1.:J&i'1i)~1.:Jbn~i1qJVlli)i)n~b~-i1u'IJeJ.:J 1~ h~"iI1.:JbbC?i'W1;'fl~1'.i{)

f{.:Jm\9lb~u~~n'JJeJ.:J1~1'.i\9l1~ (&i'1i)~1.:J~ 7 bb~:; 8) '.iti~ 6 bbG'f~.:J..

&i'1i)~1.:Jiiiu&i'1eJ~1.:J~1.jf'YI~G'feJ1JVllm~1ru. Fe0 bb~:; S
2 3

.I A ({ .IA
CJl1"J1.(1't1 5 N~n1'a1LA'a1:::'W\II11J"J3.l1m Fe 0 LL~:::S

2 3

~~~1~"iIln\9l1'.il.:J~ 5 ~1J11&i'1eJ~1.:J~5. 7 bb~:; 8

Sjm~lru.'lJi).:J Fe 0 bb~:; S G'f.:J~ln~~tln~'lJeJ.:Jiiiutlu.yf11t1
2 3" ..

~.:J1,.b~~~l~'lJeJ.:J 3 &i'1i)~1.:Jd1t1~lU1ru.Vllm~1ru.Fe bb~:;S

b~mm~1JbYi~1Jr11Jf{~cl1U'lJeJ.:Jm~1ru. Fe bb~:; S ~Sji)~1ubb1..

1~1'.i~ \9l1'.il.:J~ 6 bbG'f~.:J~~~l~"iIlnrn'.ibtl:j~1JbYi~1J ~.:J~1J11

&i'1i)~1.:J~ 5. 7 bb~:; 8 Sjf{~cl1um~1ru.'lJeJ.:J Fe bb~:; S

ln~b~~.:Jr11J'lJi).:J1~h~~ln bbC?i&i'1eJ~1.:J~ 7 bb~~ 8 l~G'fl~,.:m

b~u1~1'.i~~1~\9l1btl~11~ ~.:J,xU1IT\9lTI"iIG'fi)1Jm~1ru.Fe 0 bb~:;
2 3

S ~.:JU1"il~1~11oJf1.~urn'.i\9l'.i1"i1G'feJ1J11iiiu~1~Ul"il:;Sjbb11~ 1'.i~

b~i)tlUi)~VI~i) 1~..

buu~ulf{.:Jm\9lC?ii)1t111m~1ru.'lJi).:J Fe0 ~Sji)~lu
2 3 ..

&i'1eJ~1.:J~ 6 SjG'f.:J~ln~~tln~;eJ.:Jiiiutlu.y(11t1 ~.:J'Wul"il~cl.:J~~~.. ..

11!Jft:a8!J9I nmh::m)1J

1'11ejiu gypsum, mollestonite, tricalcium aluminate, pyn

un:: ettringite

Interface quartz, microline, albile, calcite, gypsum. muscoYJII:.

un:: natrojarosite

#
.. . A

Fe203(%) S(%)'lfJft:::lafJfI6.:Jfl11)Vl.:a'tf'U .

1 M'U'Uiiff1YiiJJ 0.19 Nil

2 M'U'UiiiY1YiiJJ 0.11 Nil

3 M'U'U11tJ 0.15 Nil

4 M'U'U1 1tJ 1.3 Nil

A ':"1 1 ..5 'tf'U'U'nJJ Tt 'flflflflftfl 21.64 15.59

6 M'U'U iiiY111f11ftllfl.:J 6.06 0.04

7 M'U lnfli]OJ'tf1\l; .:afI'flii 15.65 9.53

8 M'Ulnfli]OJ'tf1\); .:afI'flii 9.25 7.26

9 i1'U'U1'tJ 0.36 Nil

10 i1'U'U1'tJ 1.59 0.08



. .
,j1f)lh~;;6 ,j1mh~;;7 ua:: 8

"JlI~ 6 tI1'Wi';lil!i1.,im~'I41311'11G1ifil1Jv

\m.R3I1m Fe 0 LLil::S2 ,

1A1"'''~ 6 Nitm"JA1'U.';ImmiGlih'U.'lIiI.,1R3I1m Fe LLit::S

Lm!J1JL;;!J1Jn1JiGlih'U.'lIiI.,1R3I1m Fe LLit::S

t'U.LL,\'Wh~ (FeS)
2

<1leJ~rna3-JiJ~<1l1~'l'ileJ~f1eJUfl~fi1~~mTI'l~m~~~fll'~ 'l-ii~u

~~mh1 'lu~lUfieJa-n~.yh'1.1I~bm-rlunu

4.3.3 m1~1?'iJf;{£]1J1f7l/Ju XRD 1TIdal3-Jl.H'1m~'Yh

1~~1 m~ ~~~Ufi1eJUfll'n~eJfl~beJ ~l~ m~m~'Y'h~1 ~ml3-J

~~iiGl~~1~ b~eJ L~q]1eJ~1~~u~1~djuq]1bb'YIU'ileJ~~U~'O,)~t'1fl v

Ul3-Jl 'l-ii~lU'O,)~~

'lumrn ~<ifeJ~m~m1'O,)am.J':h~u ~5j bb~1 V'Ih~ eJ ~11"

al3-Jl~t'1'Yh1lijffimn1J3-JeJ~<ifl1~b~1\-1~eJ 'hi L~ul~U~a~ft~ 111

bb'if'lU'!1~U~3-Jq]1 li'l'Y'h1lijffimbTI 'O,)~5jfi1~fleJU'ileJ~ Ferrous

Sulfate ab~m'!l~Ubf1~eJ1J1Jl~'l ~~1'i1eJ~~Ubnfi1~U .rn~ 'lu
"" od. & 1 ~ '5 ..: "1

b1~1 2-3 Ul'YI bb~~l.3-JeJUl3-Jlt:J~ :ummfiaflm ~'O,)~b1l~~Ub1l"
btiua'!1fi11~ (Midgley eJl~i1~'lu [7] bb~~ [a])

'l ubdeJ~<ifu 1~'Yilm~fi1~1'O,)aeJ1J11~u~5j bb~1V'Ih~eJ ~v

al3-JTIt'1'Yi11lijffimn1J3-Jm<ifl1~bTImeJ '6J lfi1~ 'l.fMU'O,)lflq]1eJ~

~b~U 115j bb~1 V'l1 ~~'11fl t:J~fleJ ~ bL~~~U'O,)lflq]1eJ~1~~bnfi1i1tlJm

eJeJffibfi1~'ileJ~ 1V'11~~'O,)~~bb<1l'hlal3-J~bfl'11b~ut:J~fl'iI~ 1V'11~~

1<if bb~~'l;nTIm~'1113-J.yj1~mh1i1~ 111m!b t:J~mwfi1aeJ1JV'l1J11

1TI'YIfi1aeJ1J~~fl~11 'lfl3J1<ift:J~al'w~1Jq]1 eJ~l~'YIfi1aeJ1J~5jeJ~"

~~d al3-Jl~eJfuJl~b~3-Jb~3-J1~11m~fi1TI'O,)aeJ1Jml3-J11'lum~

bnfi111ijffim'ileJ~~u~baumbu~ 11,,1u ,"1'O,)~b\-13-Jl~a3-Jal\-171J

wbL1JWiLwbbW 'lfi1'i1eJ~Ld1V'1h,i'~5jeJ~'lu~ fi113-J1lfl~bbW

;eJ~bd1V'11~~~bnfi1~uLU~U\-17mhu~u "al3-Jl~bbtJ~eJeJfl1~btiu

4 -pJbb1J1J~1~nU~eJ 1) Framboidal Pyrite (Lau~,hu

~UE1fl~1~UeJ~fl1125 Ilm) 2) Finely Disseminated
Euhedral Grains (bau~.hu~uE1flm~ 1-10 /lm) 3)

3-J1~U1fi1\-1m1J~bb'YIU~1afi1b~3-J (bau~hufiuE1fl~l~ L\-1n Ifl11 25, " .tI

/lm) bb~~ 4) 3-J1~U1fi1\-1m1J~eJ~'luCleats \-17eJ Joints

(Caruccio bb~~f1~ ; Home bb~~fI~ eJl~i1~'lu [9]) lfi1~

WbbW1V'11~~~mu~5jeJ~'luW'ileJ~Framboidal Pyrite bL~~" :.d'" "

Euhedral Frains ~~5j'ilUlfi1~b~fl m3-Jl~t'1~'O,)~11lijffim

eJeJfl~bfi1~ 1~bTIfl111V'11~<iiY\5jeJ~'luW'il~3-J1~U1fi1\-1m1J ~~iiflv "

'O,)~5jml3-Jba{im3-Jlflfl11

UeJfl'O,)lfldbL~1iJ~ Ltiu~Ulft~bfl'11113-Jl'11~mweJ~num~

'l-ii~u~5jbd1V'1h'11"1.3J1~t'1m~1J11'lu3-Jlfi1~~lU 1.a.'YI. [10]v, .I

3-Jlfi1~ut:J~fi1ii'rn';~fi1al\-1flTI3-J [ 11] bb~~1TI'Y1fi1aeJ1J~Ufi113-J

ASTM C33 [12] ~~,,1u~~'<51bUUeJtJl~ri~~m~'l~5jm~

fi1TI'O,)aeJ1Jbd1V'11~~rieJum~'l.fMub~eJfl-rnieJa~<1leJ 1111fi1m%V'll~

mWeJa-n~aUl3-Jiju~fhi\~~lbUUeJ~Lui1'O,)'O,)iJu 'lu1l~~b'YIfi1'Y1~v ,

4.4 Nitmnif'U.ilLL 'U.';1'111.,t 'U.m'iLLn\'lIiJq,m"JiI!JLLfln
..I.. Jt
'11 LnIA'lI'U.

od ":..Jt .'1 ~... "1'"
l.3-JeJ'YI~1Jalb\-1'11'Y1bflfi1'i1UbL~~bbU1'Y1l~ueJ~flUbLm 'O,)~bfi1,. ~ ..:..Jt 1 ."1 ~ &

'YIlm~baUmb~bbU1'Y1l~bbfl b'il~eJmb'11fl'YIbflfi1'i1U :Uu'O,)'O,)1JU 'lI'~,

~U'11eJu~m~lfieJ fhi)fi1f1eJufl~fi1ri1u~ba~\-11~eJeJfl1111fi1~

'hI'l~~1J<1leJf1eJUfl~'11~eJ~1J'l 'Yilf1113-Ja~mfi1~U~1mb1rn

~ba~\-11~ bb~~bn1Jbfi~a~<1l1~'l L~b~~1J~eJ~ 'O,)lfl,,1U'YI1~1~

al~~fi1~~11~f1eJUfl~'11brilbb~~L\-13J bb~~b'YI1afi1'1ieJ3-J~b~eJfl'l-ii,

~~ 11'O,)uw'!1\-1iifl1~ t:J~m~bm~1Jb.yj~1Jml3-Jbb~~bb~~'YIeJ~1afi1 ,
"" 'l"'''''''''1''' .. '1 '" ,~"" ~ ~... ~
'YI :'JM3-J \-1b~eJfleJ~ :U'YIeJ~'11mfi1 ~~11~bfl~'YI 'lI'I.3-JUfi13-JeJ~fi11~"
bL~~~V'leJfl~3-JeJ~<ifl~V'l1J111afi1~b\-13-Jl~a3-JLum~eJ3-JaUl3-Jiju,
.. "" "" ~... od c; ~ c; & ~ "...
fleJ eJV'leJfl'll'3-Jm'111bUeJ~'O,)lmb'il~fi11b~1'lI'~b\-13-Jl~fl1Jm~ b'll'~lU

'1ieJ~<ifeJ~m~bilfi1 'l-ii~lUbTI

s. if,lI(!.,Iitn''i't1~itiHI.
c; ..., ~

alb\-1~'ileJ~~eJmbfi1m~fl'l 'ilUl~baUt:J1U~U~fl~1~ 2-5

'lI'3-J.1JU~Uf1eJUfl~fi1~1'Y1l~~~aUl3-JijUfi11fl~ bnfi1'O,)lfl1lijffim

eJeJfl~bfi1;ru'ileJ~bd1V'1h~ ~buuri1U1I~~fleJ1J 'lu~U1Jl~ri1U~'l-ii

'lu~lurieJa~l~au 13-JijU ~~b~eJbb~~~fl~11'Yi11lijn~mn1J

eJeJfl~b'O,)Uml3-J~bb~~~I.3-JU~bV'la 'O,)~1~t:J~'11ii'nL';~eJ Ej1l<ii3-J

bb~~ll~ 1'l1'~~fi1TI'O,)V'l1J1~'O,)lflt:J~ XRD 'iI~f1eJUfl~fi1~1J'l~U

# "fJtI::18fJfti1f16HHU Fe(%) S(%)

5 ... .I.., '" ... 49.3 50.7HU UTIli Yt ""'lOAf! fl

7 iiUliitti]apt''nftft 53.5 46.5

8 "'.I"'u .I ..HUTllfltt OJH'TlfI'fttl 47.1 52.9

ui'Yt',,, 46.6 53.4



~dlC?\i1t1!'\I11'H) ~ bb<iln ~l'\l1~Um~Ueh'ln'U~l:J..Jl'mvll 'l$([C?\~

'\I1~m~~'Im~ 1~~'U~31bb1'l~ 'l~~bij'U~h'U'l.h~neJu vll 'l$([C?\~m~

if'lbf1<il~1~<illbll~1 m~rl'llbfi~~Vll'lbfi31'\111m:J..Jlrn Fe 0 bb~~
2 3

S bb~~m~<il~1'OJ~eJU 1C?\~lTI XRD ~1'\l1~U1~C?\~b'\l1:J..Jl~~:J..J,
1'Um~'lieJ:J..J~eJ ~~eJn66:J..JeJ~~h~

6. nCP1Gin113J1J1:::n1G>1

'Il'Ul~~.[t~WVl'U~i:(u~'U'U'OJlnneJ'IYi~mnlq;j~l'Ufi~, ,
m~:J..JmW1'\111~m~1~ ~bb~~Yi<iJJ'UlneJ'IYi~mmq;j 'ileJ'ileJUfirn,
~.eJ.ru'1f~~:J..Jm~~rn bb~'Un'lil'l1~1Jl neJ'IiJ'U 4 1'Um~eh'U1~... ,

fi11:J..J~~C?\1n1'Umdb';h~'Ul:J..JiJ'U bb~~m~ 1Vi.jfeJ:J..J~'ileJ'I~'Ul:J..JiJ'U
~

'ileJ'ileJUfirn 'U.<il.'\I1ru'l ifrn~ii,~ ~'I11J.j~1'1f'U~11if,'1f.f)lfil'1flbfi31, ~

.. "'~ ... G'" '"
TI.'Ul~b~mmq;j VIb'\l1ml:J..JeJ'Ubfi~~'\I1eJ'IVlC?\~rnbfi:J..J'ileJ'ileJUfirn, ,
firno/fwt'Vi'l'lf 'OJ1'1~<il~m:J..JVI~mn11TIru ~1Vifi11:J..JeJ'Ubfi~~, ,
1'Um~lbml~'I-i'\l11bb11'U~'U bb~~'ileJ'ileJUfirn firnuru~eJC?\, " ~

fill~Yi'l4~ bb~~firn'Uf1'1fl bf1~:J..J~l~ru UM ~~<ili1rn'Yi"bb~~, , "I ~

1<ilmieJ~-n'l -oJlnC?\~1Vifi11:J..JeJ'Ubfi~~'I-i.jfeJ:J..J~XRD, ,~

g, ...
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