
juilA
y+i)nLLV+WglVtruA

oLbburls$
a

Metallographic Examination and Non- destrur:tive

lfesting oi ;detals and Alloys

,J"- g orUUt O,-rJl lv d.U.a et * ,!1 ,; rtt JFlr _,-1 ...,t

JAj Glt r,#l'& o )-! L5*.;Jt ot e*.Jt q,r , 9.r^t! ,:r.L;..ri
c,l;Q)l r:1,, d.c -r,JJ Jl , i---UjJl .rL.Ul j)r ii_rJt rt;)J
cr,+lr oti dUiJ ijul Ulit J); J,"a; "\i dJt ,tj,.")l .jl(Farlures)
i.:2. Al rly'l ulc ;-'.;r, olrL:;l .trt Ji CU,1 JUt t.re d J.U,
r:Ll.,,.rll JILJ , ia 6r5r-Jl O, dl,i lJ ar.-f r i,Ur rty'l CUi5
.?Bl, Orl.J :'t'dl .:lrLi; !1.1 (:L"r "tr iil up c;y't , i_.rJ
LrJl Lll: gl. 1:El J"Jl .,;i .;rL-J kl+,r9 i+.trii-t .:Jt+t t+:

. i5";K-fr (:ljl.= )t 91 otrL:;)l g. ;)

l=rlirUilt olaJnij I t.l5
(Exrmtnation of Fracto1g) rrlJ I !,.-i l.t.ls

i 

-

. uL,,I l+-1. .i.^Jl .5l . J*-!l J..a,L i_,-; , -lt*-!l c,!.,:-- olc-Jl ,-:tr1, r;e )[-i (Visual inspection) 6rJt u.-r,iJt ,t],-L

. (Blow holes) !;ut .:bliiJte (porosity) .-L.ttl (Stag inclusions)
L..-l]l il,rlJ rj.(tt CL-J 

I \, ;rr-J I dU , 'Uf=- f , .Jr+q t*+j.,, 
"*!Je)l .: l-(;J I t,"r ,j o.r; dl J-n I vL-l i,.r . itilt 

eLJ 
I ,l

dJl , iJJJI oL-JL | ;;L - t.-.) ,, , diut J- ttl:; JI- dngots)
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ri

g .*., r. Fr :,.* o!;- 
-"$-:; dJlJ ,:JJll iS y't f ,, 6 ,i;1,

.)l ,)l)- aq.'l oF nl , yj, t{; c,l, I ;.i.o ,:XiJ, (l l.l) JSJ I

or-C UY ,;-,p ol.rtel Jl ,.rr,;6Jl +il! ,l;)l Ll . ir+ ltc
lir o6.r (Fatigue) J)!r ;rrU .'-.-.{ ,.r-lJl J5*5 .1\;)J i;,-
, (1.15) J'(:JI g a1.- ,. tte;tlt +1Jt ot; qiil"; lr ;rtr. .,-IJi
rL:f)J 4-i cfr !j,L ueJ r:l!e &U OF lr)l i;.L:ll el c...-
:/l l-o.ru.c C.+-:j gJl .;.L tjll &- u, ,el+ u,F C;.rJ I , JJ s*rJl
eJl .:?lr: .rl q+rJl vrrl rl J5.lJl iJl jl 1l ;rlll lilrll J:,
Jl ^::)l yl3:; I Jl lr,r. ,,trf ' J-I' lL rlr; ,.;!1 er(i t-1,t-.5

l-r.ij . ;l'r- cll Jtayt lb Jrs (,>J O-,^ll j* d 4;i as...,

,A ,rfv JL;.; t J-t J.r" , oz.rtll eL..! O.l^ll L5[i l,r.rr
Fibrous) oqtl t 1r.l t ,. .r! djJl., Al Jt-,- i .r., "Jt rr, d.nf 

I

nl; jsl o.i-.tl .rlJ g< ;4"-f t lyb .r j r-:Jl J.iJ, . (fracture
/- -r. \. \ !_\.r,1

i-Jl s-!l J-.(JI ai.L,

.t\! .-r s.jrJl r-$l l.l5 JSi:

(Macro - ex.mlnation) .l-$-r.S[t uariJ I 2.f.15

.rl ;)J+l iJ! Ll , {;.r^ll 't;)l CF r-ri , ii?pl .n o-jj
t-1;i c,Q* 'lr;l -r., .llJ! , i-r- ;y- a.5;;y r:l) oLJ, I 

lri:-L
Jl..-tr cXir 6i1 l (Q1;n61*; "[J+-:t" iL, or o-,^lt * e "^t"

iJlj) ,Ut te.r^, 6LJl &;? 00 rl 0 dr {i (Emery paper) ; }:.o o)t
JJ+ d,tll .r'e (Etching) .,l+'il iI' i ,tr,"rt' i)-e \--lt)

. (rlr!)l 
"lrt. ) ., L: jlJ ,-lrt Jt j-t? , .i-r .,,tl}Yl

,l;)l j (Flow lines) .:l: ,!l .LrL; ..,1* ) rri-,* u-njt tn ut

ll-i! i aL:3.r-9 oKll j ol:Jt ?+- cl'S,;rl.Jt in.,L ii(tl

,1

.ll

JI

,,

!t

.3

I,
fl

Jr

)
t80)

.l
'3ll

^JJ
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. ;, jljJ !

rk! I l-4 | Ls{-r i.-,_.rl r c,).ajJl d 6)t)\ J(,jt ,;Lr,
o l+L;ij 1.1 cJl $. , o5!11 L.-llt o)."arlt !, ;r.lJ I

.,:-f-rJ[t oL,J.riJl d L$-fl r[.ts)l JUlr
(Macro-etchlng Reagents)

(Steel) ,: I ll

t: *.;t)6y41 ui.l- %50 -r

,ti, 4-,F:t4l ,-,..V ,r ,y J), j r...,--i .rlrJl C\41 A
,c-!.^ll + Orr(J qil ,- ll J'i+rl ;rill -u-Lie . il.j r 45-10 ;.rl

.,"rJ rl+t)l J)t U Lll lj.o 1u-- ,1 . r. Jl o.i, rt2rjL rlrri !l
.q.Lll.r .:,k;,i! l1 fLlJl. ii.L- r;; c,. -1..;!l -t+; O, djnl

: d.l.,-jJl eb.V %25 ,2

%50) Jq!!l
C.L-JI rLLl

.l/, l"r'J....-1 dl .plr,)l "rJ 
. JlJl lj,r ,-Li-J

af.., e L l"J i,rl,. 
"L^i-+ 

.SJt , I JL_ t8 : t+ I ,;t
. lr.:..*; C-.a ,rl , t.lJ I rl ;J,S)l

: !3.)l stiLr, iLJ, %10 .3

Jpt t;t 
"-Ul CL g-4 4i: -L;i i"jllJl iJlJl je lr,r! 1s-*-e5

y g.' -i531 y . ;-. ,-," -y'ls u.Ul grJl nLill O. i.lj 4L- It
. L/Il ,:)'.aeJl cra*i J& oLJl

(Copper and lt's Alloys) r5..5 L9 o,bJ t

,p.V J, lJ + a.rll +1F f 25) s=jl' *9, *rrf_;!! .l
lrl+jJl .',ll ,' r;i(lJ J-.-t ( Lr. .U.1. 100 + 4:{t.t4l

. u-LJl d.Ut: j r...utll +L.LU

Ly)l 4J5;-r9 ;, t-t5 ,12, A--rrUllrr.]L:Ur_JrB '2
,-t, ,. + (%2.5 ,iS; ,)ttr) U@0)

. o,LJl d!l: i tl ,A16,.' .i5lJ ,..i;,
25s



;i cur

il eLJ

ll ,.t s1
r3 cil,i
,L;b i

-Jl t,,
,))-l
Jl orul
iJ,ul"
li, i,

' 6it

t:U-"
Jl ,rt
cJEJIJ

4.1.15

.,irr^.
, ]..-ii
-r-sul
, -,t),
,rr.l -L.i
.,t .l-tl
.r-5:Ul
iurface

qpJl

(Alluminium and it,s Alloys)

: d--_2|iert$l

rlljl-...r "s-J 1i

, .:!":.- : ;.jl$

Carbor) oy )K)1 +)rbtl; :L lr ,eirJl 
eL ,;t.r ,i

j!!')'l Jy'-{ 4J- e. J^; crL ,r, .r d[; L ,-r. (tetrat]curid€

r/--:r. ! qt +li -r! ."- t-r Oi .4 ,.Lt;; :t4t a. fa &LJt Jlll.il ,til.J, .;r;)l rt ovJl ilt r-1: 1l ,,-r.Jl .,;Ul l.i, LJlr
;y: rr 1 ,rl c+j . dUt .$)t c,t':6;)t _rg!l u,:Jtr *J .=Ji

- iir',!Jl or tJe.lj 't + , .rg, ij, .i Lrlr rJ u.i: or,t.-rt ,rr
(Sulphur Printing) c.r.r(Jt, e}Jl 3.1.15

dlllr , LJar d 4-ilftr 4t;rt e ,-;c.<lt &-fII}.-
:aL-*k.d!i oFr ,lrlrrJt 2e;)t ;_,, & ;il.- t r+L(Mn S);:,Ut +!y' J:. ,q-t..]t !, i+,^.(l I .*itllJ u;f, I .,,=,_l"ri
*;9y' jU )ri J,i A; gr; +- , (.,;r ,r . Fe S .rr;J I ...._.<_,;

?t Vt, f &Li:l , o.1,t *--. jLJl ti.-,, (HrS) .,-..rr,.ii;tL _,.1; Lll !r; . gt y';|il y *atl A:t * ,rL;v 6.ilr ,, (eef.t
dUl J.(Jl .l.cj (Ag,S) i;"Jl 4!y' cp orll !-{

,l?rr;)it r..rrtJl et dul if.jLJl _J.it J
. )rt .."o*i.)i;Jl ejJ I 6J+r p .-rJ I i-u .t)>t -1it )L ,sl

#l "U+ 
i.,",,;J ,O o+.D G, L,Jt i, '.-i",, 

e F.., rii-,_rl i!..ly
.r=..L.1,1.., 

"fjJl 
,.rlrn?l ,ra t G,dJJj -:- ,4 i J9ntl .U! t^.,.:

o)U ;-rI (%3 y';) .UU .:,rr 4+J6Jt ,iV .A drJ)J , -i-rt
<llJi .., ) ril;: olJl ljrl ;jJt oj. 6r,jj ) Ol *: , e* ,it;,i..ts--d)it i)ey Jl ,t+ di.,! (5jJl., !rJ\+t ;rut 6t;:t ,Jt 6r!j e -:f t.i. ::--L trL+ !.-4 c-:- t )2r-;Jl q, gl- dy +-Jf
,Pl ,Fy cp ea;) ua.Vt o. duir .r- u,6Jt fr ..n lltll
.l^, , ,=, r.a.! I nt eoi f r;LLt c,t,;.-. Ul;t .,;;J iii; ;1."a, L: ::J

MnS+H2SO1 =MnSO.+Hf
2 Ag Br + HrS = AgrS + 2HBr

!!,^.(|l -.tlpl dr, dj(J tJl.:"r oq ) ,.*rn! c}J1i a/ Or



-\ ,rr., o-Lrl ClJl oJ(] ot & U.a,..i rt./l ir^:r1 iL e; eUj
i"L; I gr- . L J' idJl i.D g1t i. . sr-ut o.r-i.-fi.I af.-ri;k:.;,r-, -). o-6 c.:.4 t."b e5}Jt ct- -u^-1 (r:. [b;.._.Ai iJL !i Li .;J[,:..." ta--i rtrlt LL;it ,jr;iU .; f.l ,,_5At +ty,
eiFr rn * A* ,r.,utr Et gls Juilt o.j t# Cb oti glti
t* Jra t .;y' (Squeegee) +tL ;-r i!,_I, cuj - f.k; ;
* );.,- ua r.:)l d,r Ol . dily'l c,tc[iJl ijlr!1 +.!Jf .l.r f U dL-Jl

ll Jft 6. rfbt ,;(+: c4ij.lll1rr.,.- ; 't ,pr or<"1 ,=-l-.Jr U,
lj.r.r , \U , te! 1.5, 6.r- I 1y 12aAt Gt (.tt CU!1 qU5 ,Jl 

"Ftj.-lJ,jiJ CUi p ,rdt oits'oit: (t . -,; |t eL J" Offt e;f OrJf
l, r";.r d.UiJ r*lll JrIl U-1,, t13-L- & .-+ dt ;rFJt c=!r ,Ut?
;;*" tt-.r*;J 6r4t ,U! &.j i,\*.ilu: r.ir;d Jy'Jl !-ll gi

. tni t
,3,, g:5Jl A,*. i.i)ri Jl q1jr, ,y Jy.Jt 'Ut -f O<lf ,
il;.\ s|t , I)c ai q;, .i-lrl ClJl g.^..! rtU!3 .).-1, )*i i.t -.
. , r.:--r!J 

"LJ 
I ot"L.c l.rc -/,..a:Jl V ,lt ; -,, (-}J !]i t_F/ c,+.,

iljl J,dJl .r:n cA At t,) er* Ol iJUl .J, rl g.=:.Ltf 6r
. JrJl ,.djt t;n * * t, &t , cJLlJtJ

(Mlcioscoplc Examlnatlon) gf-erlU t !/.riJ I 4.1.15

t $-r. . (Macro-examination) 
-.J.Frf:Ut ua,At d . t4L tj"?

y'l: ,iti ot.)* & Jrtt n-r1 r.(tj.. i,.r,J I a; g ,,a. c,l)-.
u",rJl *, ;l va^t !.- l.-? Ol * , ef-:&lL ,.,J1 el.i . i.-;
;l 1l u--, I & *-., 6jJll (Microscopic Examination) ir,<-;! Ul

ln . (Optical Microscope) !i;Jl ,Jl Jl^:- [,i .r!j, L:r !Jt, rS;
Ctl; .r l+iJ (]i ,-il:} , er^It eL- J& 

-.j4. \Jij r:LJ.r, el;71 .r^,

u4Jl ,, :.t, . dr.(-1r(Ut u._,.iJ I ,jt_aj dJl ,..rr^j^iJl ol :LJl
Polished) J;Jl e-r^ll * t ,At ,'tj;r J. g;L.1f1[t
b rp.,J l'..Ll d eL-Jt ln #. J" 1)r-.ti Ck oLi ljl . (surface

uar,t)l
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L-vt
,-,)1t

,J,l

" ,tjii

JAI

:jr-J I

4t*t
I l-

,tQ

Ji..Jl

ol

,l d,t{

"r"iti
ea;

l-it
-t.t-L',v'
rlJl

-rtrJ
Jl ,l
):ly
.i.al\
IUi
L

iL- l,

lPrcparation of Specimens) Cil.J I -Hii

c,. . .r--;(.r,(3tll uaAl ub) et1r ^-1 
iJ..e ..1i Jrll ;JLr I Ol

,* ,J-. At: r-,a,*i .rlJl Odl J:i q-L f+- c,l'' eJ-;.c L! j-l
J, ,dui !,-.j dl 6,,-)l ogJl ,lr.l J*rJ ;J.+{ CJ/l dL
,i p; .:,t, , rrrL:"| , ofe (Polishing) ,.1..^llr (Grindi-ng) i-u:Jr
,$, ..- ^, ul.-r, 'u<, ,i,, o,r o' ,1.:zs-iz g,." cp-,Jf .,r:
r:-:jj 4l-1, ,ilJ5 & ,,ixjl ,* or(J, . q-L. r+- Ai e;e tk
Lu o-6.r (Mounting) ".;:31" iJ-Jl .j' tl.-, +t, g Cir.:t
ii! lrll ru..i'yt i7;r olir CUI: ll r;+ O. rl Ctii-\Jl 6. ;rtc JbJl

. (Wood's alloys) d.1.1 i(- Ji, , (Fusible alloys)

(Grinding) ;.LJI .I

all rbl J, Qy+ c.* Lli !.:-.;:Lc , Of.: t r,.*i rlJl aLJl ol

!r:- #' J+?, .rU)l 'n ilUl Jft 6t.ort 4:i rUl ,l CL;J 
I

d4 .Su ;L-ty tt o-..- (File) :-1'... iLl-2 eul li. &l+n dlJir

L6rJ f- ,.ll .t,:)l _!-+ !.Ul ,io "l*l ^uc . dJ: ;y ,:) ,tlst
,Ut, ,l-, CkJl iji ru'i ii ll qJle; s, ,Si:tt .urj . i^kJl iir.- 4 i
(Rough "i;lt tJ+I" ql-{ r"r -tt ,i^ oci5 ' tE f lx-
'r'LJl iJJl" 'q 6;t C4 \* ,s-i dt J^, . grinding)
(Emery .;Jl oy ,;, 7.1;\ ;.,, J1...,.- ! dllie (Fine grinding)

r:t71..,1l .-1-l dl Lliil & Lrll ,, +L; ot-;r .:l! papers)

: Lr.Jl g iiLll 000 , 00 , 0 ,.1 . 2

(,VV; |\ 6;- * J, . 'ij-."J| ti.y e?sr , r"Ul aJ+Jl l:r...F
,LI:e.r-le.l+q.pll t;25 oy ea.j:lJl 6j/l * OX i
;++ (irs irf:J a-? , r.i,LJl olrllJ JUJI Jli ,; q-L I;;
, ;;AI oD r:1.;,:- iJlj) ,UL r1J! .u, Ctll "f* . 'r- 11 ,l.ri .:1.:

, 6r,)r iLJl dl JEj)l Jt Jrl i -*t o ijlll ii-ull ;)UlJ

,Ft n lut i-lJl sri.i rLJ c-"- i.f 
"l-.)l 

o i.:Jl dr3 Jt,;t O',
_:,r ;Jill aK Jl.rj d- .;Ul +,Jl ,t+l ,F +'r..41 .qfi
;; . i;;,J,i ;+.- &tt- \,- 

-)+ & c.:- inul il;l tdti
^!-Jf ;r! .:=- ;p'!t il-rll .,- +,.LJt .+ .,U1 t-ul i&



L.q &-+ . 000 4-_rJl r; , L-dl G)r
li -ll ; r. -* ^.^-..t '*t+

_.)1.jI d ;,..c U Grn J. t!?r
-$ -& uJ5y l:i.- I,r.-- .-,"j r

LoV iL. A q:I- L t+ , tr:-:Jlr f;1l'i I & r..[t u)l^ll u]

el dUJ ::- (Lubricant) c-1rl;.rL J l,r- ti dlJir i-LJl ;iLr ,ui
IjJ UL:II .:.:r;JI ;)Lr *Jl +,.rr- ui ./ .-r-J I j,)5 eiur
o.ra iJ[r .y C-r . j- t J.ro'fr'a.:r J]-* .1i 

...a.rr_,!r' 
€,rA,

4-/ * L[L Jt ^ J.,.t-; r Ir. ,et:-s SN .t* 6st Jl.j-L Li
J;l,; J.C' J. , +t, , i*L .j:..o .jtrJi 6lr-iJl ,? |i: . 6,nlt
-tt lJ"iJ I .n E) , *V) at )1 J- s:.r c-.-,, i;J3 Lr5 c,t-r',,,
CiFl .r ;i :-,- 6E ,iA . r;:lt lll J.rtiJ | .-t--;J eU; g-1t+ ,t,

. .tls) cr.tt & on ilUt ., tr"+-,F . ';:-.aj I {irJ eL .r- l.e .-i1 j

(Polishing) eujl
. (000 i-r.l) ;F'il a-L:Jt 

'n-.,, V., dt , i..,U I o:JJ.l at
g-< L ,lr-L duir ;lrlt CU It- * ,k Jy-tt: Lr,.r"f r,r ,<,
r+-rijl .r + ,_,-U L! JF-t? ! -rl "j. p . ,,J.-lt" rJ -

tt ,1V.t a) J' G\11 LL; rjj-: . .1^. e.l- rrr- .. iL. (setvyr)

uaUI ijr-iJl a/ .utj t!" goxt , o1l1JJt LUJI {tt ..p } ol ebidlLrJ. orJt;ll.ll i.-LiJl .*,-rf ,:U; ,r- d.i.a .:lrll .6trJt dp5
O,r,J I 1r & brl=31. ' --rJ ( i?Ul .rl rL.li j=Lll 

' 
;+.& Ltit(Jeweiler's rouge) [, tl -r.,.rJ I .J,,l ,-r- ):- t+j , d.i, .,t/l

:ly'l .j,r 6. rl 1e, 
'UL- r J..:*r . 1:Ft "=3;1t^ ..:tt, l.:.r)1,

g .rt- ,r^- .-f5l.l" "lr 
(Diamond dust),,-[l rli _rrr ji-LJt rt

!r-EJl, u-LJt Jr,J. C)- &- ,r.l: . i:-. (Lubricant) ,j-*r rlr.
.J. d lri:--; -ri ,[.Jl rly tt 6rt Ltlt ;li ,..ut d.l.it, tlJ ;ryt
J;-. 4-' .,. .lFrl .r- . (Silvo) .;!le (Brasso) r lrt J:, tU i

,-t"t5 uc\;dt Jeit ,t (.Ft JFn! i ,Ut ClJl J*! , ,J.-.1 e!_
. pt ,)L;r gl rl (Hair-drier) ;j t .ic ;!,t,

Il,t



L-J l-r

5
c'11L,.

' fr,

-.l-Jl

Ji -r

+Yl
r-eJ

).ts4

4i..ll e!-U sf-.ereUr .,a;lr

'+t+ -h"-? fiJt Jr..ot t al-rl or

+t J.o .iFU jr-Jt ,aJt +^;
' (Cracks) c,t::. Jt

J, rrJ,yl r.- .* ."r,lJr ." #tO- '5':Jl ;:T
(wrought rron) trrlr ,-,rr frilal t_,i ftl

' !-l.J I + ;4,:;Jl c,l ',;L, ,.llt JeJ I q c-+ l.;(.J lJ

J- t-.lrJ I 9'J, J 4i"^ltdl

lr
i

-t
-1

-3

-4

T :*], ?'."1:'' urri*all o-btl *J g.Fr-6ur u.,Jr or
lJJ] ,:,:*l +';r1 Li)r o) eLJl u/ ia,.rs-rf?ut !_Jt .t;r ritf
,.'T'i'":. lt .')t.*..' at 't "'[..rr .Lr * t,+.. 6)1 !,.r(-r,(Ur :ilJ I ,lJ+!t .j, Ol_j.r_,J_l

(Etching) 
.rt+! )t ('r.,

!:-lJ
)t -2
.:

,!r
rlite)

,,;!

l..J I

.t -1

6j,

t-lj

,-I.,

(Etching) Jto.b:t .III
ra ,-,,kltl +L, .^^i , b,lral A6 .*-d-r.;(, Ut ,,.,rt ,x! Ol;:lr "-LL -!:' iil:. o!*+ O.,-lt EL*j:rlJrll ,U.yf 

--,ts.U 
.=,.,-dL..)l g..r ;':Jl le ;r{i]l cll arr! cU; Ot c."- ;. . U-;,l++ ,#t 6l UL^st ;rUl 3. &Li; j c,! t{J Jf ol -. i*erJA O.,.]t vL- ^- ,t i , rl!)t iJ-D e-;s5 . ;li oD d)*.l,f t *,r f _,; , i-L- 4*) t,.,)) (Etchant) .rl+L ! t ,r& , *JF(l9 'UL J"-t f , lr-lJ frhll +.alt rt ,g.rf f , A;-. J;i,.

. .l_f-r_S1tlt .r.,.! i;rt_ r:ru- o-,(9 Lo .,+,
l.J, .j,a l, !r;-r1 o}JL lerlr-L I ,=-...t . ir.4J Lrti]t dlrr: Jl d,^.i ol

?,::.:,f, _q,Jri<r'yr ,,$)r r.,,r e, a;ii',,;-,..;
;la.brrr,Jr or^r & c:;+ 4r&t sr rr+.i,.r A; ("1"h"",
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.r*f-rFtlt ot-,1rdt d Ll;;Jl rl+b)i &B
oU . r:Fr_&Ul r:La1ri.ll .3 L E-.Il ,l+L)l JJU .l ,JUI r 5
*r o'rJl ty * Lr!:rt ',"r ,!Ul .jr 6. ;-re.^, l,itl dlJL,

dlJ J;Ul .!.r l.'.+ .,,Ji;, . lrrt{-L I )l/t +r<-Jfi[l +:Jr Lrr
...rll .r.rHjl dtjLjl, Orul ,i*.r , Li.j

.r,(-'.;-5.,1'.

(Jr _./ 
i,., ) |
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& u/^Jr Jr
.rJl 1;1"-Jl r=

. .ij )i ,J_in

t9 r- t -Q..o 
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;: lr cLL -r,
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ztur ,.-5-U g
Jri*+ "Jl C
ij- i-l, l,, -..-'

JF(]IJ,Uu

uJ, .n i?+t-
Electrol).tic)

,!il rlrJl ;.r.
rl .r!l J:,

,e.,/ | +4.r.1r3 Oyf I .-.L.t t

(Nital) Jli*lJl -1

a) 7:t*t ,J$ I ,l J::, JF i -l;. ,,lriJl u;, L %5'2 93
. !.>l; il.ir dl .\:t ,Jli d,. ,Jrlf I tL .tt,:- t -ur. ;:L -,laL!l
cal_4Jl 2pl ll 6r!) ISiJJ t:.i lriJl r:L-.'- r;,r- or qi,l(lJ J-':-{,

. (Over-etching) ._,tr! I g lliyl dl 64 .jl c.- 'aa.bl3 i.124

. 
(Picral) Jt,l"lt -Z

rl*!y J-u* .dJl ,JrJ d elj. .rl*EJl urv %4 c, of
(lamellar giilrrl s-\t FJl. &- i,-rl, r-^J ; ,r.+ r:;LJl
,:"r l ,rij j <J3; .cpheroidised pearlite) rr(Jl slljjl3 Pearlite)
.* JtJl re 15 i^.bl t Z ta: r:,lr;ll r:L-- .:s ,,lrll "ll 

g.:9)
' Jr-. rl .']L-- I

''{jl' 
ll .'I ll

(Mlxed scHs ln Glycerol ) irr,-liJl d i.rl.ilt ub-trlt -l
: 6,, clU I ln Of:r

dlJiJt u;.L & l0
&-.,,6u+t d.L & 20

J.r-:U Jb 20

.r+r; +tr I +S t* J" I 0

,.;lill a;k-ell .rt Jlr fr$l_r J,qJl J, 4lr- rl*lt "i J*.-+ I
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r:..' , U LJ11i I ,la!!t
.r Ll r. -l ;r- .,. O;iJ
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ri rJ^:. dt iJrijl rlr.r
:e-i- 6c e-i-i.(1J l.!pl .*
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(Acidic Ferric Chloride Sotution) $;-Ur +dt *-2)S Jeb -2
+ 4-t#:.'41 ti.V ,r. "f. 30 + .Ji4ll {r}t,* lo;fr,-
tdl: 9 J (. i.,,+ll i/ ur*lt ;.alt u-L:U ,i, ,u l, zOO
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(Sodlum Hydroxide Solution)
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+LJt e,
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.i,;rlc, zrJl ,-r .,-^i c...,- ( q.rli'*Jl &!- .rlr.t''! U)- O-,(.,rYt-
.,i1.^Jl ,UL L+ J-+ , iJU 20-10 ;J dLrl li.

Jurflr JtuJl

Glacial) cs+41 dl+l &.L & 50 + e!-iJl Ui-t- J- 50

. .!ii l.rll ..JU ! ,1| &;.:-r, AceticrAcid

(ir, .., ,,{aiJ I
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"tl- u. .t>t2 er7 .l

dil- I u-.t- ;, t-15 ,7
tJ.r-.rLJl 6, ,l; I 8
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"l-tll aJl 4)# Jrb .3

+"\fl JrrrJdl0
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,r. & 9s
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,Ul ,y i:; 16
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(1-
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. Qr 30-4 q1 . ;.rb . o,rl dlJi 1.sti:: ,p i ,JjJt o."lt & ,l
d:gl &.L ,.r )rzl 3 .2

,Lb %30 ;, t-15 ,12
9{l+l
43tx

263

dr+r,l+ll


