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L'VIRlt11au1~"'Ll.l1.:J'!I1~ (Mtec) ~1LijtlO1~~",'Vi1 LLC.JtltI'VIlifil1~~i1~""tltW!f1~ ttit! 2548-2557 
~ 4 I Q t Vet !!S CIt. .., ILl ,,'" d .- "" Q

'lJtllJ1 L YH1~.:J L~'llJ 1-1lJ m'll'l mi111i1 tlLl.a~~flJtl1'V11.:J"'T\J1a~ ~.:J f.J'VIlifil1~~')1 iH~'lJtl.:J'U191 

f.J'VIlifil1~~iii 3 Ltrutl'VIlifil1~91iiiL,jtlmin1tl'VI1.:J~1t11~",ri1'Mfuv~~1'Mm~lJLI.~itl ii~.:J~.:JL~~lJ.. .,,, 

'MU.:J Ll.a~v~~1'Mm~lJti'fl'lJWLl.a::LfI~v.:Jtl~~~tJ (~lJ1: Ll.C.J'\JtI'VIlifil1~tili1a"''tJv.:J'!I1Pi filtH)...~ ,,'I '\J 

~ :1 ~ 'U' A } a '" d..,.ci
L'VIRL'\JLatlLa~::Ll.a::1~"'LI.~.:J'!I1~ (Mtec. ww.mtec 0L1b. ~::R11lJRtJ~'\J1a1~"'UJv1'\J'VI 19. .-

iJt1t11t1'\J 2552 i'\)'J1al"'tlm~'l11'IJv.:Jtl1t1vil~'VI3 L1'U'U1;j1~ '\J1t1ni'~lJ'U91~ t~ii01~tl~::01fi1 
• 4 ~ 

tlm~nm~~"'LntJ.01';lJafi1LvilJ (VAn 7% ri1~i'tJ1ti1q~tJti'tylJW'Ylntl~~Lil'VI~'l11lJ1C.J~~~'UA'1 

a1L~~WL~va~vvn 'W'h~::LiJ'\JL~'U'l ~~v,..avmlv'\J iiiJ~b.iL~tI'l~t 'U'l1lJU~la'M::iifi1~'\J"l Lviv 
v 

~,JtJ~'\J'\J'h,th::L'VIfi11'VImU'U fiI'Uanm.:J O1~~1IJ.a:: O1~C.J~~C.Ji'itilJ1w."afl'lJrulJ.a:: LR~v.:J'.h::~tJ~• v .~ 

~1RqjLl.l1.:J'M;1.:J'Uv.:JLa n Ll.a::LtJ'U~91~1~m~lJ~~1lJ1~fI'htI~'U~LfiI~ti!n~'U V.:Jtl~::L'VIfi1t'U.fl11~~ 
n1"'.:Jtl~::mJt1uUtym1nqPiLfil~n~ (iilJ1: ~1nmi.:J~v"lJ-n.!wLfiI~~n'l uoUtJii 2438 25 )j.tI . ­

27 )j.t!. 2552) 1i11nm'ji1n~t11LR'j1::\1Ufll~lIvtl~'j,)Rt'U01'l';91I'U1RW.fl1~01'lC.J~~~1L~v'U
.~ ~ ~ 

LR~v.:Jtl'l::~tJ m~iin1'ltl'l::'!IlJ~1lJntJ~tl~::nvtJn1~vtil~1~n'l,)lJti'fl'lJWLl.a::LR~v.:Jtl'l::~U 1~, " .. .~ 

'liv~ltl11 Uqj~1ri1Rqj (Major Problem) L~tl1nU01'lC.J~tiI~1L~v'\JLR~v.:Jtl'l::~u l~Ll.ri 

1. Uqj~1~1'\J191q~'\Jm.,n'\J01'jC.J~~~1L~v'\JLR~v.:Jtl~::~tJ ~.:J1~q~U'M"'nm,n'\J01'lC.J~\fl 

a1'Ut1-1fl;LU'Ui\flfl~U~'li1L.ij1~1n~1~th::L'VIfi1LnvU~vtILtlv'h~'U~ ~~t 'U'ltl'Uv~la~::nfl1u~~'VI3 
-lJ " ,." 

la~::L~mhL~~~tl~~viiL~tIn11ti'aa vtl~1~-rtJC.J ~lJntJla~djfi1 Ll.a::la~::L~vmiri1~1'UO1'l 
v 

C.J~\flLR~v.:Jtl'j::~tJLYitllJ (m-vlL'ti'U 'VIv.:Jfi1L~v L~'UL~v lJ.~a-vl,rlJL~v 'VIv.:JL~~v.:J la~::a'tJ11 ~un• 
lJ.a~ til:: tt1 L tJ'\J~tI) m 'li'i m':f11~tILl.a::';9lI'\J1~1'U1~fI~tJ;j'R1'lii~::ijn 1'li'i n'\i11~tILvi m.J~ \fl ti'a• 
avtI,r'UlJ 1 t iLV.:j.fl1t1 t 'Utl,)::L 'VIfilLl.a::'VI"'LI.'VI'Um'l'l11L'li11i11n~1.:Jtl'j::L'VIfiI 1"'m~mi101'ji'in~ni~tI 
B'VI~v.:jli1~L~~1.:j'l iiij~m1lJtJ1ii~1.:j'l 'tJv.:J~ijfi1 (alJUii'VI1.:Jna R11lJ~1'U'VI1'U01'l'MlJv-3 

n1~tl1'tJtl'j.:jalJUii'VI1.:Jna~1t1m'jlJ15YmR11lJ~v'ULl.a~alJUii'VI1~~1'U01'l~~v;1'U'jtJ)
• v .. . 
~ "CLI I .cit" Cit, 4 <il .., v4 q2. uf1!vn~nu1~\'lL'iI tllIli)~ar,u L Um"ii'lf) LU'U'li1Ufn)~a~ILR)v~ U)~l't'li"ii~~v.:Jlml'~ 

L;vlJtl,)::~1'\JLvimh::nvtJ~~1'\J~1.:J'l iiLtJtI~1t1tl')::f)vtJ'IIv.:JLR~v.:Jtl'l::~tJL';1~1t1n'\J'W11~:: 
LtJ'Ut 'U~1'U'lJv.:J01'lL;vlJm~Ltl1~ri1'M1'tJEl~Ymvm'li1nu~1L~v'U'tJv~~ ~1.:J'M 'M~vLUJLI.~n1'ULi.Wl'U 

v 

Ll.a::'Uvn1il1 n;j'U.:J~1lJU.:JO1'lL~vlJtl,)::~1'UL~v~n LI.~.:J ~bi'U.:J1'Uri1L~~1", tlO1'lL ~vlJtJ",'lvtl~1~ij 
1-1~v9l1lJ'" Ll.a~1-1~v'jvtl~1~ij'l1f)n1'j1-1"'~1'IJv.:J~'U.:J1'U~1n'IJtJ1'Un1'j'M~v~'U~tl~~1~"'Yhit'U

v • 

O1~L;vlJth::~1'IJL1-1a1iflij::~v.:JijvW'M.flij1-1avlJa~mtl~'ln1Tra",~iL\J'U~1L~v'ULR~v~tl'l::~u
• v • 

1J.1Ji~~~v~ijtfilJ1W~1'UC.J~lJ'Uv~la~::iifi1C.J~lJV~911lJtfilJ1Wiifh'M'U'" ~.:jL t1'UmlJ1Wm .u~1,.,1'tJ . .. 
fn)u,oJ~"Ilil~'IlB~1"Y,::i1~1~~mhv.i'\jfn';i~~~;'1~~m.lLt1~B~'tb::;"J u,a::'\.IB mnflU~'IlB ~1~~• 
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i1~111JL'mJ1::a1Jti'u:ntlluLl.~~::th::Li1'V1 1I'ltl'lJtl11'l'tlfl~itl,ntl~::lft~~a~1~'tl B~~1L1.'U'Ua11J1 ~t;l 
'Y111~tI~::~'U1,jftW~~fltl1tJ~tl5-1,"~1m"1ltl~L1J~~ ;1t1miti''U'!ltl1!jl LI.~::ftWa1Jmi'!lmLft~fl-1 RP.. . 
m-nL'YIftilftfi(imutlyftl.!1t1~~L~1J1t1n1~iu~itl~1t1L1.'U'U Photopolymerization ;1 ~fl 
Stereolitho~raphy Apparatus (SLA) fi!jlRtll!jltI'U~';'YI 3D Systems ~'I(ifl11LUtI'U~';'YILI.~nfi 
ti1LatlB15n1~a~1~l'ltlLl.u'U~1t1n1~1-n~B~L1JBi,!j'Ql'lbu.a~ l~tI Chuck Hull ~rifl~~'U~';'V1 Ll.m:.. 
L~1'Ylfl-1a'YI5\J~~15n1~ SLA if (itlLUtlij!jl1L1.'Vi.:Jm::u1t1n1~ Stereolithography l!jlmft~fl-1 SLA 

L~~B-1L1.~n1~flBni1~m~1t1'!b~nm~tJ ~ . PI .2523 'III~nnl'):fftl~tJitl~lt1L1.tJtJ Stereolithography.. .. 
fifl n1~1-n1a!jltJ~::Li1'Y1L~~tlYial1J1~t;lLl.;J'l9l11M Wf)t;ln111t1M1t1L1.a-1LvrUf),j1.:J '1111fl, .. 
Ultraviolet(UV) ~~lYn~::1~~lmm'!lB{tJ~::Li1'Y1 UV Lasers ml1L1.a~lt1',b~ft111Jm1ft~tlUBti 
nil 300 tl11t1L1J~~ l!jltli'U'ntl~tlu.tJtJ~::~na~1-1;1t1'Via::itl '1 ~1n~1t1ci1.r;ftlM1t1tJ'U 1~[J 
B1~tln1~Lft~B'Ufi'tlB~ Platform l'ULl.tl1~~ u.~::n1~au.n'U UV Lm"1lfl1'ltlLl.'U1~1U L~B1~L~~'U 
'lIil~bu.a-1LtJ~tltI~tJLUtI'tlB.:J LI.ii-11tI~nLl.ml~YiI'lB~n1~ itl-11t1Yii1i11t11R-1 ,"~Bi1ft1l1Jiuoftfltl1J1n.. 
B1lil~fl.:JB1~tln1~aj1.:Ji11'U~B~i''UYiL~£Jn11 Support :fftl1Jl1tJ~~fl1J '1 ti''Un1~~tI~tJ~1i'U.:J1'U 
~1£J 1!jl£J Support ifa11J1~t;l~~LmflflnJ11£J'III~~1~ itl~1t1Yi1~,"~.:J~1n'Yi1n1'Hl1£JLl.a-1 UV oftl 

J11£J,"~~~1nYi;JtI~tJitl.:J1t1La~~~1,,::1jft111JLI.ii.:JLI.~~ltl~::~mri1.:J~.:JL'!itl....ma~n.y(11tJ ~~ .. 
'UBnlilln~::al1J1~fl1l1~tJ'YI~.:J'YI1-1n1t1il1~~~.:Jj;l11JLI.'U'Ultlftt)1J~1Lj;lt){~.:J(iBLUtI~~tJ~::a~R,"~n.. . 
'lJt)~n1')a~l~l'ltiu.tJtJU.~1i1.:Jlil::a11Jl~fl1it'Un1~'Y1l'la tltJn~1nn1~Lft~tl'U~tJ1~t)fh~~I'lt)"i'u 
LI.~.:J'YI1-1n~1J1n '1 1~ L'ti'U ri1'U~LUtltJ1t1~U ~!jl~tlLUtll'lti ,"1t)m~'U1hfti"1t1~-1L'titlitl.:Jl'U 
~ma~nlil~"1~L~£J 

• 

,
• 

..,:.., ~q.4 ..:J. ".., .,. .- , "cO 
q ,~n':l"n' lei" 1"\C::(VlC:;~" . ~ 4liIQ,••n'lc::cwC\lit I~·H~,\~' l'l~ ..... nl l ' I"Hti)~I~ II S. 1\ q.'.GvV,<I I 
I4CJ I I'V 11II4U'I6JJU I IIJCJI4 I flbl'ldUl l ldnVolll4l1'ICJ6J Iv II Ibbl4Jnl'1UCJ"I Ln brl6Jf'lJ 16J 

LLVl n~1-1u.~::L'mJ1::nU~tJu.tJUn1~:fftl~tJ~~h.:Jn'U1tJ L'titl Micro-stereolithography l~£JtJ~';'Y1 
MicroTEe LUtlL'Y1ftilftfiL'mJ1::ti'tJn1~a~1"~tlu.tJU~i1'lJtl1~L~n1J1n '1 '"~t) 15n1');tI~tJu.uu 

http:15n1');tI~tJu.uu


7 

.., _tJ' dUd ~ tI tJ'4 G 

PolyJet 'Yi~til~fJ'U,)~'V1 Objet 'VImflfJfll,)u~L,)"I!'U ~~'Uti Platform v\1fJLI.tJ~muv\'T.l'U1v\L~fl 

lJlflfl11 1,500 \111t1'Yi1tllJ "1 n'Ufl1')1iu.~,:j UV l'Ufl1'),jl1~L,)~'U u.~,:j1fl11'U'~1'U'Vi ,jlhu,j 

,jlLtru~tl-rliO~'T.ltilv\hUlll'Ufl1')'U')'),!L')~ti u.~~~lJ~'U~lti..r,,;1'U~~1UI.'Ufil~L')~tilti')~ml"fl1,) 
;1ti')t1~~LWmin'U1fifl1,)u.'U'U SLA ~11t1,. 

--

The Ohiet Polylet Process 

2.2.2 fl1')1-dWLlftamafl1'llum,)Liwattr.l.na,!L-d1ti-uniu(sintering / Bonding) 
u • 

fl1,)~~1"~'ULL'U'U~1fl15fl1,)-U"~~1~n'U1G Photopolymerization i'I')~~'h~m'U~"/Jel'l 

-3'~v\mmtifl1');ti')t1;1ti·nti"~ tlfl1ti')t1'T.ltl"-3'~V\~" lv\fJvl'11t1,,~ijfllJ1i~~'Yim~~fl L;1el~"l fli'i" ~ , v "V , , 

\-mtllJi1~1 ,jl1l1~lfJltifl1');1ti')t1 W1V\"/Jtl~~~'Yim~~flmi,,~ii'T.ltilv\Laflfl11 100 11Jfl,)tlti ;~,. 
~~-3'~v\Ll1~l;f"~rlfll~fl11lJ1tlti.t1mmlfttliw~i1 LLml~~LiJtil1UliV\"/Jtl~;fti"lti. ,. 
l~lJlfl'Yiel~"~fhll1~~ 'Yim~~flLL~a~uJV\1ti'U1L1ru~f.1flulfJ~1mm"l!tli~llJl,)f.1fjv\Lfl1~~V\nti1~,. 
u.a~ fi'~~llJl,)f.1fj~Lfl1~ n'lJ'iti~;1ti')tI1t1LL~1ritltil1Ul1~8fl.t1mY;tlll1Lnv\Ltrulfl,)~~11~LL~~ 3 

" 
iJ~ (;IllJLL'U'U1tiflellJoW1LlJltli lV\fJ~1 Platform "~L~eltia~Lafl'lielfl LY;tll~~~-3'~v\'I1V\..1m,jf.1flfl11~... 
LillJl'ti''U~1~~flll1fl11lJ1tlti1Uitirieltil1Ulall11'Ufl1,) Sintering 1tiitioV\1tI lV\fJm~'U1tifl1,) 
.,., ,.. I .., ., ~ 

d Q q 4 dlO d ...,.,..., I ~ v
'il'U)t.l'tl'U~TUU'U'U'U,,!:'j'Ulu1.'H)U 0', Ur1!:UJtI"v'nfl1)'i)'U)t.l"'UI'I)'U'VIflWUa1 1~liIeJ.:j ~rJ'Ui.fl'U'VI il~ 

~ " .. .. 
f.1nulfJ~1 flU'lL"I!tlin"~f.1ni1v\l1~el...rutleln1t1~1fJ~lJ fl~Ll1~tlU..i;f.u,:jlti~~~"al.l'U')Wi'lllJLL'U'U~.... .. 
I1itl~fl1,)fl11lJL~11V\mu~fl1tifl1');1ti~;1ti'llti"~tl~~t1,)~lJ1UJ 10 iJaaWi'I')!Jitli1W~ l1~tl~n "1 
1 .a-1w~,,~1~~ltia~;1ti 10 iJaawi'l,) lV\fJfl11lJf.1n~tl~'tItl~;f.u,:jlti"~el~~t1,)~lJ1UJ ±0.15 

" v v 
_ Q SI .., I 4 _ II 4 ClIo w • .,. .. vn ~ 
~\'i'\"'\~I""C; -",~.,<">",~••~ ..........",.- ••~ .. ,.... "' ...... <"><">"'.....~•• ('> ... .,. S:~..~n·nQ "'~ ··'\ ..~.. l · .. ""~i'i~.....~ • 
...... ,~I_VI. ·U~h''I~IIV1<JtJ I'IYII4'1uv'lul4'1 114., 1'1'1llllrl~.,UJl4rll~ Hlle 11:-, nu W~" 114""VI ... I4'U 1'1 

l1fJ1'U LLa~ fl11lJLL;;~u.,).:J"/JtI.:J;11J~ltiitL~,,~~hfl1115 Stereolithography ~.:J'l~tl1~1~ti'l1'U~ 
L~fl'ULU'I~-3'~v\LiJtiL;fm~fl1n'U1J1fln11 L'VIflijfl~LiJti~~~flall1i''Un1');fti')t1LL'U'U;f fitl Selective , V" 
Laser Sintering (SLS) -nflltil1V\u'U=i';f1 3D Systems u.,,~ DTM 
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4 .., ~., ~.., d ~ "..,d
PolyJet 'W9lJ'U1\11E1'U~~l'I Objet l'Itl1f1E1n1~tl\1lL~'YI'U ~~'U'U Platform \1I1E1u.e.J~mtl\1l'tJ'U11'lL£9n 

l.l1nn11 1,500 mhJ'W~B1J ~ n'Um~HLLa~ UV t'Um~~lt~L~~'U LL-tj~~1t'U~'Uii ~ltm1i 
~lLU'U~B"ijU~'tJ'U1I'lhuy1.'Un1~'U~~,!L~~'U LL~::~1J-tf'U~1'U~~iu~~lUL'U~h~L~~'Ut'U~::m1~n1~ 
;1'U~tl~-:JL'!fumin'U1fim~LL'UU SLA ~11tl 

" 

.­

I • - The 0.1 PoIyJeI Process 

2.22 fl1~1';LaLlfteJMeJfl1'llUm~L~8JJa"r.lrl'a,!L';1.nmi1J(Sintering / Bonding) 
v • 

!I !I V Q"Q ::::! e .., c.~ • :::! t 

m~a~1~~'ULL'U'U1'l1E11Gn1~'U"::~1-:Jn'U1li Photopolymenzation ~~-:Jl'I11am'U::'tJB" 

1a\1lmmum~;f'U~tliu~1'U"::eJEllu~tl'tJB~1a\1l~~ l\11E1~11tl,,::uEl1Jti~~'Wma~n Li1B~"1nii,,1'l 
~ " 'U V , " 

~~tl1J~1~1 ';lt~~lE1t'Um~;f'U~tl 'tJ'U1\11'1ltl~~"'Wma~nmi,,~ii'tJ'U1\11L~nn11 100 11lrl~tl'U ~" 
~,,1a\1lL'M~1i1"::Unt~rl111J~tl'UM1mm'!ftli'U'U~hLLm.i-:J~Ll~hJmi1~\1I'Iltl,,-i'U-:J1'U rl111J~B'U~. " 

" 

1~1J1n'WB~,,::.yhL~~" 'W~1a~nLL~~~UJ\1IL'U'U~L1ru~{lntl1E1~1mm'YIt)'h"1111~ufiVlLm::~\1In'U1~ 
" 

LL~:: ~"a11J1~UU\1lLm:: n'U'i'U~;f'U~tJ1tlLL~1ntl'UmJ1'l~~nM'lm.y;tll~Ln\1lLU'Ulrl~"a~1'1LL-tj" 3 
v 

iJ~ ~11JLLU'Ut'UrlB1J-W1L~Bi 11'1E1911 Platform "~~B'U~-:JL~miBEI L.y;Bt~~'I1al'l1ll'ltmjunm1Vl.. " 
Li11J1~uih~~nt~rl111J~B'Ut 'Ui'UriB'Umi1~l~1''Um~ Sintering t'Ui'UUl'lltl 11'1E1m::'U1'Um~ 
.,.. .. . ." ., ~ cI Q. q 4 404 ..,VL1 I.Q 1.1

'iJ'U);J;r1J~rl'Ul.l.'UiJ'U,,~n'Ultll)tlU "' u.m~Ultl'Ynfl1'l'iJ'U)'Ll"'UI1)'UYlflro'tJLL~1 ')~I'I~",n'tJLfI'Uy\ ilVl ,.. ,.. .. " 
{lntl1E1~1E1L(\L'YIBii1,,::unill'l'M'iBYi'UBBn1tl~1E1"1J rl-:J L'M~BLL~-i'U~1'U~Ll.'1:j"a1JtmU~11JLLu'U~ 
"v v 

~B'Im~rl111JL:j11I'1mtl~E11'Um~;1'Ul'-l-tf'U~1'U"::BQ~tl~~1J1W 1 0 iJ"~UJ~~\fiBi111l-:J 'M'iB~n '1 
1 i1bJ-:J,,::1~-:J1'Ua-:J;1'U 10 iJ"~L1J~~ 11'1E1rl111JUn;tB'I'IlB-:Ji'U'I1'U,,::mi,j,.h::1J1W ±0.15 

v v v 
oAQ II.., 14 .: ~" 4.Q ~"I" 
lrcmi.li;)';j ilv,,~~nti\vcn~·""'I.i~'liv~'iti~1\i·,il.v."1nm~ln·l.im';j Sintering ~t) '-i1~1\i'Vl~vWlt)\i.,nil 

~m'U LL":: rl111JLL-tj'lLL~-:J'IlB~-i'U-:J1'Um~,,::~hn111fi Stereolithography ~'I"::t ~ih-i'U"1'U~ 
L~E1'ULL"::1a\1lLu'ULij'm~E11n'U1J1n n')' L l'IrlUrlvlLU'U~~~na1'M1'um');f'U~tlLL'U'Uif fl tl Selective• v v 

Laser Sintering (SLS) -nflJ'U111'1E1'U~';l'I 3D Systems LL":: DTM 

http:1~1J1n'WB~,,::.yh
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'Uvf)~1f)n1~1iU'lL"t)'nlJm~1l1f111)J-!tl'IJ LYiv1l11~tlflm1iv)J~tlnlJLL~1 fl,:jiiL'VIflUflv1li.... 
15f)1wh.lf)11 L V;v1l1~~1~I1lLf)1::~tlnlJLiJtllf1~~~~1~~~v,:jf)1~ Th~'hd' flf)~91JlJ1;1lJ1I1lv~m,jtl. ... 

Ll'IflllJl~u LUJ~-"11!L"~~ llJ~v Three Dimensional Printing (3DP) ~v)J11~i"Jf)1~~91JlJ1 
u.~::'Yi1~~1~1~mJ~';'VI Z Corporation 't1"f)n1~'tm~ 3D Printing if ~::fI~1E1f1~,:jn'Um~~mi 
~1mfl~v,:jYbJ'; Inkjet ~1hJ mh1Rv f)11'h::~1lJ~::Qf)mJVvf)~1f)m5tlW1tl~f)~~hJfl~ 
Platform'tfii~,:ju.U~Lf)~m~~V)JLm11 n1j;itl~t1n~::l'I1hJii~::ilJ L'filJL~mn'Um::'U1lJm~f)1~... 
~~1~~lJLL'U\JL~1LL\J\J~lJ 1 LL~iv~'lJm15f)1~ifRv~1)J1~fl~~::ll1~n'U~lJnulm~E1f)1~511l-wlJ 
f)11m~i'\Jf)1'i~~)J~~1-'1 1 ~,:jlt1M,:jL'filJf)1'i-n)J-w~~1mfl~tl~-n)J-w Inkjet 'Yi1Ll1L'i1~1)J1~fl~-!1,:j 
~'U~1lJ~LWu~t1'V1'i~~::~alJ'IJ~pj'N1lJhJl~'W-!tl)J 1 nlJtlU1,:jhnil1)J ilJ~1'Um~~1 f) 

m::'U1lJf)1'iiffitllJ,j'1~LtI'i1::'U1,:j)J1f)f)'h~'U,:j1lJm~ ~1f)i5 Stereolithography ~,:j'!lJ~lJ~1t1~ 
1~~::L't1)J1::~1't1i'\Jf)1~l'I1;i'U)J1LYitlLiJlJ Concept Prototype )J1f)f)'h~::LijlJ Functional 

Prototype 

2.2.3 n1~.r"&Wzi"wN1a~aziu (Layer laminate Manufacturing) 

f)1'i;1lJ'itl~lJLL'U\J~1E1Thm'i;f ~v1~11iifl11)J~1mJ1f)~~I1lLlJLL~'tltl,:j't1"f)f)1~ ,flJR v 
... . 

f)1 ~~I1lu.&JlJ1~l1lvi~f)'VI1 '11f)m::~n~ 1~E1vi~1t1't1ii~ flf)LfI~v\J~1Vf)11vi~::~ l1lulv1~i''Ufl11)J-!vtl. ... 
~1f)f)1'i~I1lUJJlJ 1~11l~::flf)~11l~1VU'lL"vflm~htl~1~~'i~~1)J~lJvimi1~I1l'IJtl~~1LL\J'U LlJa1lJ,!'U. .. ... 
1 u.r.hJ1~I1lLL~~::LL~'I::ivlJ~~HllJLiJlJilJ q wl~~1lJ \fI1)J~mf11'i L'VIflUflf11'i;1lJ'itlL'TilJ11• I ... 

i~f)nlJLL'W~'t1mvtlJ;tl laminated Object Manufacturing (LOM) ~,:jf1I1lA'lJltlV\J~';'YICubic 
T echnolooies LLrJlJ1~l1liiL~~V)Jl1LiJ'UlhlJ~::Lfl~tllJ~rJ1'U Platform LL~::flf)~l1lil1)JLL'U'U~1V 

~ . .. 

Lm"v{ \J~L1ru~1'Tia1t1'IJtl~~lJ~1lJ'I::~f)~I1lLtJtI~1'i1~~f) 1 LYivLl1~1V~tlf)1~LLf)::tlvmiivyh 



9 

';jtJ.yj 2.4 iflJ~lJ'I1lJ~1fJn';j~'U1lJn1';j Laminated Obiect Manufacturing (LaM) 
" " J 

~1nu.lJ1fl~n1';j~~U.~'U1~~U.,i1iBlJfi'UL\J'UilJ LyjBif'U';jtJL\JtI~lJ.n'Ufifi'l(ln~~'U1q
" I 'U 'lI 

BBnltJLtruLYJflijfl~lJ1 L'!itl n1';itiwJlJla~~ ~~B 'Ytm~~nu.'VIlJn1';jtim::"nlt LY;B~~1'1L\J'U 
~'U'I1lJ~'1~lJ~1~-r'UtmlJm::'U1t1n1';ii~1~~yf11tJ mh'lL'!ilJ m~'U1lJn1';i Layer Milling• 
Process (LMP) .yj~9UlJ11f1u'U~';YI Zimmermann ~'1 n1';iL\>I~m.rr~~ ~'1~lJtlJ~n~::l1~::,bv 
a~L1a1t 'Um~'U1lJn1';in~ u.a::afllfhJ1(lJLI'I~~a'lhft~mh'llJ1n L1ilJ m';in~~lJ'I1t1.yjij~n~w:: 
L\JlJ1iB'Ina1'1~~B tl'l'tJtl1~1~qj 1 

2.2.4 m')li1'la1aini'mJL~mi1iuLM'lmlJ (Extrusion Processes) 

n1';j~~1'1~lJLL'lJ'lJ~niGm';jmi'l RB n1';iti~lJ,"a1~~n.yj(ln'VI11mBlJlJ11l1L~U'lLUlJ... 
lf1';j'l~~1-3iflJ1l1LulJilJ 1 LflmhlJ.yjL U'U~lJ-31'ULLa::~1lJ';jm~ml~t i~lJ'Ytm~~nLLa::~tJu.'U'Un1';i 

L~V'l.yj~1'1nlJ L~U~1'U.yjYJ1mi1.yj';jB-3~'lJ~lJ~::,bvL~~llfl1111~lJfI'I'IIB'IilJ'I1lJtlJ';j~~i1'1n1';jif'U 
';jtJu.a~~::(lnLB1BBnfl1 V~"''1~1n.yjilJ'I1'U1~-r'Un1';iiflJw~lJL~1~~1I'lJ';iWU.~1 L'VIf1ijfl~;j'l.yjijVlI,. " ,,'U 

tm'Um::'U1lJn1';iiflJltJU.'U'U11 RB Fused Deposition Modeling (FDM) ~9lJlJ1LflV'U~';'V1 
Stratasys 

http:n1';iL\>I~m.rr
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1t1f1 2.5 ;1'U1t1iun'uwmm::U1'Un11 Fused Deposition Modeling (FDM)
v v 

mh'lhntfl1lJ ~1~'U'I1'Uftt~~1nn11;1'U1t1~1fJ1l:j;f'l::~rJ'Ui1'1l1m'U uimVifJUn'U15 SLA 
v 

L~rJ'I'l1nn11;1'U1t1f1Ln~'l1nn1'~L~fJ'Itoi1 LL~::L;rJlJ~~n'U'OrJ'I~'U~m~~n'O'U1~LamiJ'U-i'U '1 
v w •

0.., c: Q."'" "~d" .., q. dO" ~ 1~t I q.

t'\1W~tI"11lJU.'I.I~\.I:;;~'Ilm'll'U ~1'UY.l~nlJlJ1n'U2Uu.~fwn~n'U ~t.~1l..'"Il'U~Yf~1t'\~nYl'U1lJ1L 'Il ~u 

'Wm~~nf1ilfJlJ111lJ11m'Um::u1'Un1~;f L1f'U 'Wmt'\~n "!Iil~ ASS 'M~rJ Polycarbonate LiJ'U~'U 
iWI1'Uf1 1~'1ijf'l11lJLL;i'l 1.1.~'1'WrJ~lJf'l1~ LL~::~1lJ1~'I.hlJ11i "'f1~rJUf)1~1i nul'Uan~ru:: 
Functional Prototype lmm\'Lfimi'U'I1'U'Wm~~n'l~'1 

3 ..... d.., "., -=' "t.., ~ ILl ~ 'l. "f d

'U8fW1n'U£Hl!fn'l~C;U'Ulfn'l~·i1'19\'JU.'U'UL'l1~'U"n~(\J::L/j\01n'U'U~/j\om~m'V!R~'Ut"O 

Inkjet Li1lJ1~1lJ~'m '!'UflrJ n1~'M~tJlJ'Wm~~nLL~::-W'UtJtJnlJ1LiJ'U'j,m~'W~1~~n'M~tJlJL'VIm 
"lI'U1~~n '1 1~Lf)1::~1n'UVi,,::i'Ult1'l'ULnlit1f'11'1i;'1{1'1f1~rJ'In11 L'VIf'lilf'l;fL~fJni1 Multijet 

Modeling (MJM) A''U1IitfJ'U~';'VI 3D Systems ~'1ij'VIanf)1~f'I~1ml'U15 PolyJet 'OtJ~ Objet 1.1.1'1 
• w 

1 QJ -=I.., 01" Q G.., Q. ~ I .... ..:::tt. 

tfl1~n.U'VI~n~w::m1'V11 J·mm~'1nu.'H~1m~mJ'U J'I1~~11~tl~"!I'U~1U 

2.2.5 Rapid Prototy ltl-31tl'f!f1I~1'V1n~~lJn1~tJaf1lu;,~-3'l.J~::~tJ 

f)1~i;'1~1~~'ULL'UU~1fJm::'U1'Uf)11;fV~~1lJ1~(Jti~if'l 'VI~tJ Wax LiJ'U1i;'11it•t'Uf)1~;1'U 
1t11t'l~n~1£J ~~ij~~m'ULL~'Otl-3f'111lJa1lJ11(J1'Unl'~111na'ULm1l11mm.j LL":::'UrJn'l1nf)11a~1'1 
~ :: 4 "" ~.., .,., tI : ~ .,., 

"!i'U~1'U'Il'UlJ1~"2l"llL\J'U~'Uu.tltlL1.mn~ru:: Conceptual Prototype LL"fn 'Il'U~1'U Wax "Il~~U~"il::: 

a1lJ1)ml1h1tm'UL\J'U,huml~1'Um::u1'Uf)1)'VI~v1,,'VI:: vi~tJ~n1)';i1fj"::L~fjlit'Ov'li'U~m.l1l1n 
(PrecisionCasting)tJ~1'1n1::u1'Uf)1~Lost-w~~i1fjlJlJ1nt'U~tfI~1'V1m';ilJn1';i~~tflLf'I~tJ~t1';i::~U 
~~1~f'l11lJ"::L~fj~'Omihi'U~1'Ul~~tJ'U,j1'1~~~il'l'l,j'Uil£JlJ'VI1n'Uv~1-1LL'W~'\t1mfJ 2 LLU'U~1£Jn'U• 



• • 
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U.U\J~ 1 ~'U~1'U~~1lJ1'Hl'U1hJ Lost-Wax u'~1~1lJl'Hl'U11tJ"'~eJ~1L~eJ'Ull1l~V ~'ULLUU~1 
L~eJ'Uml1l~1mfl~eJ.:J RP 11l1Vi~~~ijflru~lJ'U~~11Jl'Hl Lost-Wax l~~vVl,).:J1ftVm::: U1'Ufl1,) eJU 

L,j1tJ'U ~mjnuLL~,,:::u~';'VI~~iij;lLfI~m~m~~:::~iiI111111"~U
v v 'U • 

u.'\J'\J~ 2 ;i''U~1'U~~1lJ1')",h1tJ Lost-Wax 1111 u~u11th11LU.i~mim.:Jl~ ijflru~lJ~~U.~~• 

• .4' r.t ..,,q,, ., ~a I 4 ~ 4 

f11'f",av~nuLf1)v~U)::~iJ'UtljJL'rJ5n1'j~avU:'lliJvi..lL1autlJ(JI (investmeni Casting) ~)eJ 

L~vn8n~eJ11 fl1,)"'~eJu.u'\JtJ'):::WI11~1'U"'~eJ tJ,):::Lfl'VIiflil:::1~1~'U~1'U~ ijfl11lJ":::L8Vfta~&eJ.. 
LmV'\JLYiV'\Jnm1'U"'~eJtJ,):::Lfl'VI~'U fl1')~mi1alJ~'!JeJ~~'U~~ijfl111J~1~qjn'\Jn1,)"'~eJmh~~~ 
fieJ' l'Ufl1,)1iI:::'VI'U'VI1'U9ieJeJru'H.nij'tleJ~1"",:::t'U'):::m1~fl1,)"'~eJ L;1t1tJ'U~,,::: L8V~1iI:::~1t~1~1'U~ 

~ .. " 'U. .... . .. ... d, I dO' .... -. dO. I """" 0'" ~ 
';ilnm'lVl-a€J m'l~lU~'ljm'j~~u l~iitl~t.l-an ~tiU'ULl1€J ~~ l~~,,)Ltitl uti'Vi~LVIlJI:::~'lj~l"''j'ULuti. .. " 





• • 
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2.3.1 mnhwibnitJ1Mia• 
mr~1nfl1~IiI~mMULiiml~~L~mJ~mJ ,r'UVlau~tlltJ~LiJum-m1wJYh.m~'Umltl ;~ 

LiJ'UwJ-w~al'l'ViwYi~11tJmia~~ ~LiJ~u~eru~~a~lif'l1~~Vl)~1,:jLtJU~LPI'tt mf1LnVlLl1~ 
~Vl~~bja1lm~W11'!Jl~ ~ri1fiLy~~,m81~bj'VI~1\J.h~ijf'l11lJ~VlYm1VlLnffl1u ~,:jLtJU 
nTIafll~fJU~1U fhli~1fJum;mnl'Um~~1'l ~~Lil~~1f1LmJ~aLLmMlJ~'ULiimlw;l1 tJ·1nml",.~ '" • '" lJ4~ 

" bj81wr.lnr.hwJYhrfhj'wan1YniJ'Utlci1~h L'ti'U ~1LLU'ULiimlm~Vlaan~1~ULiiffij m~1LLU'U• 
LYifJ'U81~~mJu,"cia~,:jii,hmJnlJ1nihJll1~fJ)tJ'VI)~ ~~,rum)'VIciaLf'l~el,:jtJ)~~u~~~a,:jfl1)f'l11lJ... ... ... 
m~N" f'l11lJa1fJ~lJ LL"~mVlmfJ"~L~hJwtJa,:j+1'U~1 wJ~lJ-NtJ~a~~~a~rl1fJ'Y1elVl~m~:lru~~Lf'I~... 
~,:jnci11~1twlULLUU ltJiiu,:j1u'VIcitl ~1m'VI"dfl1~'VIcielLf'l~cmJ~~~u~~tJr.JaVl1aVltltJmcl LL"~v , ,. .. , 

.ff'U~aum)lhwJ~~tJu~·UlJ11iL~1mun~ci~1L~~rntJ)~~U... 
tJumla LUWUWVlvi~~UlJ1LYitltmum).yhwJ~1m1Vlmil"'~ ii~~~~ foltl 'VIU... ... 

f'l1Mau4H ~1~L8ml iim1lJLL~,:jLL).unn ~a11J1)~'VI'lJVhmfJ~~1fJ ~,:jLiJ'U~n~w::'!J~wJ~~~~
v • 

t-ui:hNUwtJ~VI:ij1UrulJ1n~~"tJ'lMcitlLLU'UOOml-rmj1tJ iii~itl~fJl~li.nuLLn-muhJ• v v 

~~rrmrni~1,h\l"m1J1Mia 

mlJ1")'!Jtl,:jm~utln,"ciel (V)x 1.2 + (20 LtltliL~Ur;l '!Jtl,nJ1'V1'l!ntl'U'VIcitl'tt~'VIlJVl)... 
mlJ11'l) (CC) = 1.2 CC / ni'lJ 

20 LtJtliL~Ur;l '!Jtl~,J1mrntJ'U'VIcitl,y,:j'VIlJVl = m)L~tlri1'V1i'Uf'l11lJafl'Li;fJ'/8~i1'Ur.JalJ~LnVl~1n... v'~ 

fl1)VlVl81fl1f'1aamnnL-datJULL"~~1'U~fiVlnUfl1'll'U~
v ... .. 

~~rrmrnr~1ii1\mmrmmj'1 

'lfilJ1un11 = 37-40 LtJaiL~~ '!JrnJ-rmJntl'U~a ., ., ... 

mJ1tJLl*! mlJ1Mh1iuoon~umurntJ~tl 


• 'U v 
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229 

iwmJtmUiU.nJuwitlLL'UU 
-fl~1WUfl'lItmImmtlu.'tJ'l.IWWaI'l) ~ri~~1,nJ1Wl:IJ

'U 'U 

- L'mh~~m~a~lU"ll11leh~fn:Ja,m'Uc.J~lJf1 f)Wl LmJlJrntwY1~m~ ~limfJ wm~~n 
R'U~1\1~1nlJ ic)fil1))~1~folc) \1111LmY1rnl'U'lhM~c.JmJ L;j&WlnthJmitlij"~LU~~~fJ~

~ ~ 

LL\1~'Y1 Il1mvn11~1'lhiimumi~t1'UWiaLLU'U ulJ'~~~hJitn1111C)ri1~TI~L~1'Vhl\11.'11lJ~lJi 'lI f) \I 
'U 'U 

t1'U'V1ilJ~i'tnh~'VhYmaJ~mn ~,hur.r'tl.ruml~Li'11'J'V11 L~&:I~1mhbi~11J1)f.lm~~ult1~lJn'U 
u

'U 

wr\l'Vtl.J(jl
'U 

-ti11.'1~L,j1mlJllJ~~~atiL1m 1-1.30 'tl1fi 
" -ti11.'11lJc.J~lJLi1Lfl~a~~~mn1f11aC)ml1nJl1fJllJL;iC)t1lJVlciC) Yi-rfl1.J~~ljn1)ilJHL1m

'U 'U 

~ 1-2ttrYi 

-ti11.'11lJ~L'YIrnllJm::tJtln~ij~lJLViuu~~~~ariJl1ullJ ~m~na'Un'U~1lJm~L~uu-rmJ 
'U ~ 

LLfb L'YI1.'11~rntllJrnllJm::tJClnl~UL'YIrn'YI1\1~M1~&:Im~'Uan mm'YIa~j;I)~nm~tnJ~lJLViuu
'U 

l~ml~ t1~C)C)"rvht~~1JLViuuti1umul~
'II 

- mt"UCln~L'YI'lh.rl.mC)uE1\.i1L~rn~~mmfllliL'm1lh.,"1J1ru 3-5 lJ1Vi 
'U 'U 

- ~lJ1.'11lJt.Jm.J1JrntllJmC)t\1LLiilJ L;j~~~mmfllC)C)n~m;ien.l'U'vhl~~'MJmJ 
'II 'U 'U 

'lIrnt1'lMirnn:l~1lJn~Wi1JC)C)n~nm::tJC)nmC) ~~&:I~lJt~LIillJ 
'U 

- ujC)ljm)L'YItl1JVlcimL'U'Urnt1Jm~'Uam~fJ'U-rC)mL~1t~ti1m~'Utlrn1ciC)ltM-3~\ll1lu~~:IJ
'U 

Li1f)t1'UWim~:lJu.~\lt~j;lnugj\ltl't.lmiC)u.tJ'Ut~L~mA'f)fJ~lJa'lJC)'Um~mnVl~c) llJm)c.J~~c)LL'U'U
'U 'U 'U 

1'I~'lM~~ncinlj~~~oom1LiJ1Jm)t~~1~§Ufl1ullJ)~fJ~L1mm~lJ1f.lJ 10-20 lJ1Vi 
LYi)1~' 1~c)LL'UU~U.~\I~U.:n~1L~1 m)~~mfl1f11aC)n~1m;fC)t1lJV1ci~~m:~'Vh~mn 1'i\l)t1~~ ~ ~ ~ 

http:1'I~'lM~~ncinlj~~~oom1LiJ1Jm)t~~1~�Ufl1ullJ)~fJ~L1mm~lJ1f.lJ
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i~-r.:jl'Ufl-numnJuwie 

- tI'lJmuHi'li1'lJnl'J~"m.I'lJ\1~ tI f'l1'JLil anti'lJmru~'Yi1~1m,,~.yfujiiLPI'limtl~U'lJ~~~ • v II .. 

m1I'lLi11UJmJnuci1'lJ~"ll'frrml'U• v 

- m)"'~\1~tlm)i1lJi1JVltl'lJ m~'Yi11,"Ln~f'l11lJLau\11u~tI.:I1'lJ\1~al~ L'li1J m)~1'l 
l'la'lmn-wtUamnl'll'lJ LthJ~'lJ 

-1'lJ'fI~l'l~mmPltJan~~;;~m'J~'lJ"~Liitl'lJVloo~L-m1 L~tll,"mmmiLLfI)n~1t1tl~n"l
~ ~ 

unn)~;;'lJt,"~~~~~7WU~~~~~un~l'laanl'lJ
'U • " ,.. 

2320'l'ltJtIIU1LW-n1J1f\!1JWie 
m)aUItJ1LW~lJ')hJ'lJ\1~a L iJui'lJVla'lJ~m~L~um1LiJ'lJm'JLVl~ [)lJLW~~ ihvrrum)

" \ffie)~m:~L~rnffumUWlij'IJrnLila'lJ'lJmal,"LwJ1~~nuJ1~ ~'I')~ 2.10 , V" ~ 

t'lJ~t»i1L~~~~U ii~1LiJWtl1.:l~~~fltJ'lR1Uf'llJBflMJ1iJ'lJtJ'ILIli~:l!W1'".. " 
iifil11lJL\1lJ1~~L~ma'l-rum)il~111=l~L'ii11tfl:ul~)'1LL'UU R11lJ~~'WmVlt'lJm)f'I1'Uf'llJawWlij~~.. " 
rial,"LnVl)~)'lJ ,r'lJu'Ui'lJ'I1'lJ111i~1[) \1~mnl'l~~~'lJq '~ht,"m)~abia1L~~ L'Ii'lJ U1aN\1.f1iJ'lJa'l 

v .. I .. " 

LblJ~lM~1Lfl1JhJ J1~ilI'lLi1,,1l'fHLLUU~LL~'1~1riaml~LLfI)nl'lJI'I1lJ)1~LB[)fflIa'lLLl.JUVI11'"
" 

n~a'W~)ru m~L~vm~a'W~lJ ~~mn'lJU1aUM.fIiJ"'1Lfl1Jl'lJ~1t~1~ilI'lLi1
'" , '\I" 

l'lJvu'ttJruYlYtlJ&3L~1'lJm1'lJ~ ~ci~t,"uil'l)mw1~-i1J'I1'lJ1I1i
" " . 

~vn.h::a:J~':UfmenJUli~lM'l1~v. " 
1) L~afh~~~11.L'UUL.y)[)'lJ LL~~ci1'lJ'IJ&:IL.y)[)'lJ ~'1\1lJ~tlen~1mu.i~lJ-w'lJ'lJ\1~tI'Yi11'"LW 

" 
~lM'l1umvLfl~LiJ'lJ1YrnLLuu;1wn[)11J mtMl1'1L~hnh~ 

" 
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"llill1lfl1'I.JfllJtl~1'UlJ~ L~1a'I.J\SJ1LW~lJ'rH1~~i1mUVl.nijG1'1G1I11'1.h~lJ1W 1200 "Clum~1i.;J1'u~~~a'l
" , V 'lI , 

fhi1i1~'MltmlWVI.nij~mnt'UfYl'mUfY~m'I.JfllJelWWlij~mn~~~&3n~1h./'rrl'tl1Jf1'U, ~ ".. " 

2) ~~'IelUM.nm'Um~m.J elUM.nijmia~~~~&3i1fil11lJG11ll1lan'I.JelUM.nij'tlmUli~~ 
"" .." " .. 'lI 

tl~el L~&3~nt'Ummel~Uli~~~~~'Yi'1m!1~~~-r~1~m:fITrijelWVI.nij.yfwL.WItwl1'1n'U
'\J • " 

lJ1min ijil:J'UUli~~1iI~LI.t'1n~fM1£Jl~ mi'llaw.:~a~w~1iI::ijaWWlij'VIaellJa~m£JLL~nvi1'1n'U. " 
~-nr'UelM1flijmi~~WWlij1J&'lUli~,m ~~tmjfl11lJUiltwl1'ln~~~~~~1£J m,,~~tl

11 'U ., V , 

l~~~folel SILVER i1elUM.nij'Vlci~ 426 - 454 "C. " 

~uvi 2.11 ~l1J.;Jm)~~L~f.J\IL,htl'UmielL'Ii'~L(Jl1m.J
'\J '\J '\J 

3) m~~~L1mtum)v'I.J t'Um)el'I.JLC.J1LLlJ~lJ-W i1~~)m)el'I.JLC.J1'V1a1£J15 ~~;1;1'Uelti
'\J '\J 

tl'I.JL'V1flilfl~tln,ma1tl'VI"'nm)el'I.JLf.j1elti1~n11'1 'll~~'1;1. ., 
- L~lJelru'VI.niHj'Uelti1~i1 '1. " 
- t 'U'l.J1'1elW'VI.niJYl~1Rfll"" 'VI~el1'UmruYli1mel'I.JLC.J1biL'VIiiel'Un'Ut ~fl~elru'VI.nij

.. v -a:: I .. '" 

J'UU L.r;elt~fl11lJ~el'Um~~1£Jelti1~,t15~ 
- )~£J~L1mmii'UnlJ".J'U1~"!.Ia'l LW~lJ-W mlJ1WLW~lJ'Yh.La~tl)~~'V16m~'IJ el'l 

http:UmruYli1mel'I.JLC.J1
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Bu'nout Cycle 12 - 14 hours 	 Burn out Cycle 6 hours 

-800,=~r=======~=~:::r:===~r==::;:::;;:;;::== u 700+­
! 600+--- - ...., 	 i 600+---1 
~ 500+-- --...., 

c:; 400+---~ g ~+---{ 

~ 300+--- -1 
 !~~ 200 t==:-::::=f 
GI 100-	 E 100 
~ OT-~~~~~~~~-r~ ~ O+--r--'-~-~-~--

o 	 1 23" 5 6 7 8 910n1213J.415 o 23" 5 6 
Time (HoUls) Time CHOU's) 

Burn out Cycle tor gem casting 
a 700-r-------- - - ­_600+-- ----,jr---, 
e 500+-----1 
a 400+---- ....,­
" ... 300+----1 

~ 2001=:::::;:;;;;;;1 
.,!100 

O+-r-rl~-r-r'-T-r-., 
o 1 2 3 .. 5 6 7 8 9 10 11 12 

Time (Hours) 

m~tl'ULujfhm'\J'U~tl :ijlnU&.l'Uilij~ 212 t'Um~fhmJ~W11flij~~~~u~L1mLL~~~'rh~
\I v 	 • ". 

,r'U~fWr.l::mrnil~UMflij"ru~1Iflmm~~C1 ~~t11.~~~ 
.. 'U LN.J I .. 

- l'Um~mJLmU1iyhJ," R1~L~lJElW11.nij;1tlmhrrilC1 ttl"j~U~LL)mruil.n.h~lJlru,... I 

200 L L~tmYlntuwJ_WlM ihhiJ'Ua1Ulh~nmJ ~atlW11flij~.:Jil.:J 100 O( ,Jl~~nmw~LiJ'Ultl'Jl, ...... 
~~~~\.I.Yt"j~ltltl~lll'litl~,;h~tl~Lilml~tl mntlUM.frijL.yill~tlmh~"jl\i1L~ll~j,J!:'fjm~l ~ulj... 	 ' ... 
BI'l"jln1)"tImU~lL~lniTtJ'U\1cia n1~"tImU~lmJl.:J"jl\i1L~l;fLtl.:J 'Vhl-HLn~LL).:J~'Ufl1Ul'U'\Jtl\1citl

... 	 ... 

m\il~lU~1.:J '1 'tItl.:JU1i_WlJ'"~~Ln\ilfll1lJ~UVI1U LL~~~lULL~.:JYi~\ilil~tl'Vhl~L.Ui_wlJ'wLL~n~111~ 
m;l.:Jbn~llJ L{jtl.:J~lmhl'UU1i_w,mal'U'_J~lJ"tIa_:)~l~Lflij~ln'\J'U~tl m'ritlUlU~ma.:J,Jl'U~1;"1\'1~

'U 'U ". 'II 
V • v 

!.:.11-:11~~1~'Y.l'Un<:YleIl~1~<:l "<;)'1'': nru ~~"~"' 2OOcy- ""',"ey, ........'\j"y... , ... ,~ , ,.' "JlJbU ....e.; mw.lN.u~ .....Ln",,,,,,,,, ~ 'Vl~m 

.. 	 .. 'U 'U 

- l'UmrlHTbmn-m1.:JLYiu'U ntl'U LL~,jlU1i_wlMdha'ULml'ULWltl'U~~·H,rtl UJ 
R1W1U1i_wuWL1iltl'Ul'U"Uw::YiLma'UtUtl LLvifllW1L1il1~Yimut'UWl~tlW11flij'\J"j::mru 150 O(, ... 

~'U~aR1TI'hm"j~'UWlla'Unel'\J\hLW,"1ML,jlltJtl'Uu.nL~Cl.:J~nt'U'tlWvvyjL~lLiJ'U u1m~lJ~'Ul-Hfll1lJ• 
~~~UMflijm:Mlru 80 O( LYiUtl:ij::L~lI~~mtlnmULtJ'lJ"tI&:ILmn ~1'U~.:J~L~1Jl~anlJ1'V11.:J, ,.. 
tl1n\'1~L1il ugjv-Ujana1'U~.:JYiv.:Jf'l~a~fl1ultll~"j.:JLL'lJ'lJ 'lJw::~mn'Utltl,;)~L~lJ"tIm~1'VI11~)~"jtl

'\f 	 " '\I , 
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m8'tirnimrnL11mJ'tMia1m1'U u~ffiI::Yh~'1LtI'U'~a~1111 ~tlLYi fJ'U Yiij~mtUJ::LtI'U'lJa.:JmmL,j1 
"" " hrl'ULifaU'Ul1cia LL,,~ti1~l1Iavnt ~l11Jlill~tnnLLvl {fI'll1LUHhn~Li1L~1vtlt 'U'HW~YiLvnijvWl1.fliJ,. . ,. 

ili~w 150 '(: LYifJ'U ~~ffIDL~rnLl1mv£h.:J,,)1I11L~1 'UvmJ1nifJ1"~mnfJLtI'UlrnI1 ~'H£J1f.J~1 
~'Ul~LYiU'U 1~00ffiJ1flw.iTbm~L~-n1u8~1f.J 

- l'UnTIVtlLmw.i~l.J'W m~1mYiU'U~1'Ull1ty1~vvn~nYl1.:JLi1~~vEln'TJ~11~~ ,,~ij 
LViU'UBn~1'Uwd~~nLtJ1wnm£JLtI'U11u,l1 ~.:J~1lmmh3'lilvv~'UWJlil ujtmWl1.fliJL~lJi).:J'th~1I1ru

" • '1.1 

700 °C1~mt'Um,,)LU11wj11u,l1 ~~mrru~LtJ'UI'frl'lffi'U~'Vi1tlUn~mvv~LW (0) l'UmmtJI 'Vi1tm~ 
LLfhwn1trel'U1Jtl'U'Uvnl~ ~.:JLtJ'UW1~'M 

-1 'Um")vtlLe.n L9I1,,~ijvWl1.fliJL~1JL~1n11vW'VI.fliJ'Hv.:!m~tlvnl1civ llilmtln1~ 
, \J ,,, 

.fl1tJ1'U1n,,).:JLL'Uti ~.:Jri'.:!ij~1'Ut:.Ia1J'Hv.:!J1vtJ1'UL.Qvu'U'VIciv fl111JLL9In~1.:!,,)~'VIi1.:!vWl1.fliJYi~h
'U 'U 'I \J 

m~'Uvnl1civn'Ufl1tJl'UIn,,).:!LLtJtI m"LLVln~1'ln'UO'l 50 °C ""'l,r'Uriv'Um'l'VIciv~.:!~v'lijm'l 
fl1'Ufl1JElru'VI.fliJl1~vW'VI.fliJ'l-1~vEl~1'l,je)f.J Vi ~1111~ riEl'U'VI~Ell~'l-1~ 

, 'I 'U • " 

- {f1LUH~1J't~~me.nhUiYlvW'VI.fliJ 800 °C [jUi1J~.:!LtJ'Ua1'UU'l~nvtl~1f1'fl''Hv.:!u'U'VIciv
'\I , 'U -l:S 'U 

"~LL9In~1ElElnLtI'Uimliafll1lf)Elnl't1l'i LL~~imlivfl~")vvnl't1l1l ~'lijqYltt'Uf)1'lnlil~~hl~'l-1~Yl 
'l-1~v 

2) 15m")1-HvWl1.flm'Um")v'ULW~1J~11'Uf)~ntl'H'U1I11LL,,~m1J1w'Hf)'lLuH~1JYi. " " 
3) 15m'lfl1'U1WL~'l1'tf1m'l LL'U1Y11.:!m")fl1'U1wfl1i1'lO.:JvWl1.flijmm'Uf)1,,)'l-1~v,,~l1i'v'lij. " 

Elrul1.flijmn~Lflf.J'lntlElwl1.flijmiEltlL,j1U'U'VI~a 
, 'U '\J \Ii 

Suggested Burnout Cycles 

5 Hour Cycle 8 Hour Cycle 12 Hour Cycle 

2-1/2" x 2-1/Z" ~1/Z"x 4" 4· x 8" 
(63 x 63 mm) (89 x 100 mm) (100 x 200 mm) 
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ieJRTI"j::1-31'Um"j1iLtfl1vtJLWvhmB flili~m'rni1-3 ?i eJ rrm~lJeJUM.flij'IJeJ-3L(fj1mh~1 1 LY; eJ. .. 
{1eJ-3n'UbJl~t.IlH~1MIiiM)11JLffimll.~::LLtflfli1Jl~41(J m"jliLf1~eJ-3fhi~LVi(J'U ~::LiJ'Um"ju~l~m"j 
li~1L'I1~mthrii-3 Lm1~~~bHji"l"j1'IJLVi(J'UhJLn1~~~eJ~tfl1lJi1'l'U~1-31 ~eJ-3Ltf11lJ1fllii'U1t1 m"jli 

LWleJ'lJ1&J1L,j11~fhrmuu:.nLW~~ bifITjl,t1~(fjLmt~l£JbJ~1LiJ'U t.m1::m~Li1~'Uffi1(J~1f)
'U 

i"l~'Ui"lJ1mm.ril1'U1'UlJ1f)~~W-3eJeJf)lml1mm L~~v111'\.1L(fj1~eJ.:JliTia-3-31'U~ f1lJ1f)L'Um)l./r'IJeJ f1IW)ij. . ... 
1'\.1L'Vhn'IJ(fjeJ'UtieruVi~~LtI~1L'I1 w;lmfliji"l11u;\'lLiJmilJleJ-3LtI~Lil1li1 l"'mii"l1~'lJeJti~1'U'rhnh::tfILil1vll.N.J v 'U 

'UeJf)~1m1Li1~11tkJrij"!itm11m'U\JeJ-3Li11tJ.n1(Jl'ULtfl1eJti~1 1fflbi~rnLtI~L(fI1lvl(J(fj"j.:J... 
.. 

2.4WN~W;W~ 

f)T~:ij1LL'Uf)m"j~~'VI1.:JL~'UJ1t"",~ 'VI1.:J~'UJ1La",::l'U,:j1'ULf1~eJ-3th::~'lJLLtl,:meJmtJ'U 4 
., 

ili~~f)~i1 

1) a m~It~'VI1,:JLi;luJ1LGl'~::LLtJtIf)"lJ L'\o1lJ1::~1m'IJL.ftLiJ'Ul'mLi;luJ1La~n'lJ,:j1'U'Viiiw1~ 
~f) L~mihi-a\~eJ'U L~eJ.:J~1mili1,:jLiJ'U'VI~f)am1t-Miim"j~1m'VIi"l11lJieJ'U1~i1m1 ~t.lLL'lJ'lJLl'1~(JlJ

.. 'U 

LL'IJ'U 'ti11\1Jir,,~1""'Li~Wl'UtieJ'UtmLL;j~1'IJeJ.:Jti1'U~ linti~J1t.I ~1eJti1-3 La~(fj~:: f)a.. 
YellON GJld, \Nhite GJld, Nkel, Silver 

18mm 
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2) ",~uJl~LLW'tiw.mlWl1Jlli)n L'M1J1~aMuiwnniijltJLL'Utlt'MLli ~ 
mjlm1~ i~'NtJalmJ11Jeen ~ri~mttmi1[mrelmlML~11f'U ,ht~ri1'Umjln11MelwYLL'UtI 
(;"11JtJ'iW iYc){hi~~mma Platinum, 'lllhite Nike{, \Mite Wd, PaUaci.m uMJumihltJ~" ... 
~na YellcMl Gold, Silver 

" 
3) "'m~K1J::wwL~hJ\f1hWI:~LL'Utl3 WH LmJ1~,hmurnniij~l1fJ~"'~ime'U 

~rnniiim'iL~fJ'UU.lkmN1MMf){h~umr'U Li1e.r,j1miiL'lMJtmi'U~-MiijW1~biL,j1n'U ,1'1l~ 
nTIL~~~ila\o1::bjffi8lJti''U u"yi~m::lm~1umL1MiijW1~~mI1"'l{l'M::'1~Lil~nTILL~~11vi 
'i1~Lh il1~J1[a'M::bi(;"11lJ1'ifllmltJu~1'U~'U'l lM ,hl~rnJbi&i11J M':l8fh~~(;I~fJa YellcMl 
Gold, VVhite Gold ri1tM)~na~'UbruU1J.. 

4) "'m~fflJ::n'MI1~L~hJ\fil4m::LL'UtltJea n'Mn1.nfi-nf'ULYieti~11Jl'UrnJ1aw:m~uw,.. .. . 
Siver 95% L'Vi.u'U ~1fJ(;"11LWlLlitriL~u.1~-rue-1Lii f} Silver 'Vht~,htJa~m~l"~~ ,ht~-11umi. .. 
law: Siver 95% bim.rl1qfWl~'WLLft,1 bi~1MJ8-1flJ1 ,j,mj,.ri(;"1~~1(m':;L;;eri~Li,.iwnJn8'U 
~arn1tym~1JWit3 

2.4.1 ~Niu;jfJU 

f1Tl~~ULlit1U Fie m'}1hil1u.U\.I~YJUti m)')ljr.utiLi1'UmhlfJ~h~h::LijmJl~m!1111• 
9lMmi~'UL;j£l1J L;;ei;"111f1'i~a€1m1ll.lflf.m~,j11J11J1J1n Lij'Utm'Mci~tJtJ8~WlTIlki~

• 
nTI9l~'UL;jtJ'ULL~~iJm.a100~ ;f'UeunmtJLL~'1~1lJ191~ u'W11Jiji'UtW1in'l~" ,,""~ 
9l~LLtn.Jrul,m'UOOl tne L~mn'ULiJ'Uumt'ULL'U~~ u1~~'ULilnn~~"'LiJ'ULfI~m tneLiJui'U'll'U.. ~ ~ 

H"...,. ~..::-":m",m~...~-.. ., ... :,.:~.!'t"""':U" :I ...... '""" ••~...~...T""'_~...~"'..:..,.. .•• '21"\ ,en "'-..... 1 • .,.<>.~.·<>I
_UH4uU"'IU 1J.....1P'1UUI(JU ..... 41 .."'~U~ UU'IU., NW1uul~lnClll"'P'1U"" U,I4J.JV"1JV U'tn ~-U.'~-U(J.,• 
t1tJ~'UL~tJ'U L;;el~J1[a~'11nrn'i'Mciv(;"112Jl'imi11tll'Uril,nieuiln~(;"1wutl~~'UL~tJ'U1M(;"1~~1n

" . 
~~~tJmflHnm'Um'i~~'UL;j~n8tJ M1001'U£rn9l~'UL;jtJ'U ~~tJ;)1'UtJ'W91~'UL~tJ'U. ... ... 
~(;"111flmm~lu.u'U1pJfi~'llPlL;;efrl11Ja::~f)mrltJl'UfYrj~~'ULYi£l1J 

1\ ...... . 'n.' 1~'~~~:t~Q~""'''''''<Y.l't~'le~')I I' II", c;.~ ~~:fi" 'n.....')<;I~<;)n
..,,,... 'Uu ...... u w-V... '\Ai Ifi.\.J.U"I-.. n"I"UU.~lltjU"" ,.Rjrt ..... U'u.l1U'J m.1MI''Vfl.u'U1\1u i-<riTi. 4 ... ith i.. 

1~~ijWl~Li1ntJm.,"1Jt)fI~e~oorme~... 
2) m~n'Mcie '1~LiJ'Um8tJt'Urn~fh'M'U~fl112Jn1~u.a~fll11J'C1-rurnnci2JL;jtJ'U ~tJtl1 

v • 

ri1'Ua.ni(;"1~8-1f)ci2JL;j £I1J'I~~rnii'i~V::~~lfl'1Jf}'U!il11JtJ'U'tJrnm~f}nmi f}WuetJrrl1 1/2 ill ua~". . 
., q SI I ., ~_ ~ ., ':.4 ., ,_~. SI' ., I ~• A • 

~ll..lU'-.!ltUl.Mrn'\I!1mfl.l1.Hm:;:tJ8f1u..n.mtIffi1 114'J1 ~,"8'I~rnn'JW l\1~J-t"IIrNUll,"lmLlmIDrnn~ 
" u)'UltJ 

3) mLL-r~lY4yh~e'tJmwft1tJfl1JeWWlij Lu'U~rniiamialmtJa~a1tJL;jtJ'Ut~-rf}'U, ,,~ 

2.42 tmfi~-nNtmNlHM= 
1) fl'l1lJrl'l~~1L'W1~"tm'\il{l fl'l1lJrl1~,j1LYm: flvtl\il~1~11J~::ml~lwUfl'IJ&rl'~f1~tl 

.J1mrrmrnJ1tmfhrriL,jlt1'U RTIU'i~lL~wiimhtJ w;iLU'Ut11'amutJL~mni1lnin 'I1nfl!) 
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'tI&tfl1iflijM~'h "1~~" 51I uiflOO1,J11~,r~aflH~mf1minltbhntnhmr~111JtfhJ1~'\I 1 '\I.~_I 

li1(;1fl,r'lAoft11t1L'VMt " 
• 

fYl'Ml1i1min1t;m:: =(J1mi~UL-riUU x ~_'W }t{(lY1mif'nIrnL-ri~_'W)x20) 
100 

2) m~H1muM1tfhmuJ1hm~ 11Jl11-nJnmla11mt)fh\nwJ-mUn1a~91~m~ti 
WtUwrl.ru1fllJ1mJn L-d~~1nltlijm~H1'lJ1W fh~111Jti'Ni1L'W1~~~tt~'W' 11~1~~• v .. l 'So' ;. 

L-wrnu9hh1i1m!fl'tIrn91UL-riUU lJ1~~"lJ1~1W1UL;;1JL~bru~~ffihru ~~91rnmnLn1JLoft11tJtU,. 
J1m!fnIrn~H11J1W~,b'lA~llwi1il~v a11JL~mnL1WlhflYrNLi1'U~1a\1:: lummtn,lmi1 
LU.i;;1JWtJ1Mivuitnl1JL~~u;i'1LLWu.;l1 ~1~~nLU.i;;mhJu ~~~~LiMhfm1~Li1 

v '\I • " 

mmi'11t;m:: iiija~iJ'UtlciUll\llttlW"li ij~m'MPrl1JLL~1i1llilflltJ a~miud,,~bi• ,·-u V" " 

ijaVl"11Jlum';iH11Ilwri1~u i11m'Um';iLYimhm!n 1a~11Ji1~~mYilN11Il1J 20 LtJmL;ju~ 
'tI~1mimiH11J1Wltl 

~Ui 
1) nmnhnTI~~'lAYifJUt~~1W!fl'IItmi11JU1.:J ~;;uuJ-mU~l-nm'ittLW

d ~ 

2) ~~'lA-ri~nnTI 

3) i ~1m!rwlUL-ri U1Jii~tti.:J'U1J;i1UU1~ 1i1J1m!fl'IIrn\i1UU1.:Jii uu-rinl1lJ1~n"'Ut18n... ... 
u,mnH 

4) R1U1rufhft111Jrl~1L~~~~t.umtl Ltll'M1~flPI1)1~1L~~ 
5) ri1VltU~~rnnTIt.u =~_'W_ 'Tlrn~ X J1mi~'lA-rifJU 
6) Li.1mY1min~ 2006 = ("-1't 'tJC}3~ X J1mi~'lA-rifJU) X 2(V100 

7) J1m!n~~~u =(~_l't '!Jrn~ X J1m!fl'II~UL-rifJU);{(~_'W_ 'tlrn~ X J1 m!n 
'tI~ULfifJUj XXVl00) 

iaLL1J::1i11~Mu.;;8U 

-i-:tL'U'UL-ri~rniiKLUU'b.iw.;,~1U ~~~~ttPt'lA-riU1JLL'U'ULLmLMmnU ~~tm~ttPtU• 
d .,., Q'" , .. ! • .4 0',' S IV

i.'fU:J'ul.l.~tJtYu wU"WtPt\Jnu.tl'lllJJu.'UUUJerurIL\1i.YI'lhM1vi.L'U'lI~~M'ttd~mmf'iOOfl""'lmiJv\1Uyn,.,. ,. 
LL'U'UL-ri[M)1~~rArMi~ttltl. ... 

-nTIfltt91UL-riumi~Li1uloom11\1~-nJuLlilm1'h11~~Li1uhfLttULil1'f)~m1mru1,. 
'!Irn\!uii~'lA-riuu~lWmrunnn11 V2 ~1 Lm~LL~~1im.:rn"1~1~11Jci'19lUL-riU1J~::W 
~".r~,h..&t:\i~l1~ 

- ritMhm~~UL~tru 1\1YlflLLYi~'lLL'U'UL~truh1L~mA'vurltruWtuU~"fYhm~lIIf)u~.:j 

L-rifJ\lfl~11~'~1fJfri1m~Ufi~~M 
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-i1uwu1niYlni1ii~~1JL'imR~Y\rn'lJj~mr"n'U UPi9irnoo1rnlLRmnmi"ML';vt~ii. ". 
,j1'U7U~~1U'Ull;jfJ1JlM1flmi"fI• 

T~ .I. ...,.. .. tI ..,2.5 w'M:"U11J1"1"1L'U)ULft'l~ "S::tttJ 
flUftM'ft8-11mre~1m'Um~8Lf1~8M~~'U t'Um~8Lf1~tmh::~wnti1afl~1l'rJn1mre 

~.uhf-1~1tJbjfi1 L.u'U Ylrn~ Y1rnLmrn ~~fi1 L.u'U YIrnrl1 L-a'U m"S~~Li'1~n~tfl1J1 
fi1~~~vm~"SwriJ1~~~~1-1' M~ 

1) fl11llm ~1h1IltitumW1i1L1~tmh::M~~9irniifl111I)11a~ uj~1'Um'j
" 

,r~-nf~fIYI2Il11\11IlOO~ ~~b1mrea11J1"Soo:rn8'ULl4'M1M2J1nwihr~LWj8'Um~"nilvh 
~~,r'U111Uln ~L~'ULiJ'U~iifl11lJ11la-1 ulv~.h'Um~M lf1U4i'rn,rflvrh~mtj L~rn~1n 

" v 

~~1Jijfl112JU;;~1u.a::Lt1ffivmiM,b'U1M~1U L.uwtmn~1 a1'Uumwhimrntimrl1J1'Ul'U 
m"SiM ~~,,~iifl112J111L,j1ntJ'h1~~L~'U L;lv~~1niiL~v'h1~ii~1Lni'Uu~~u;;-1u"S~ Ylv~u~~~ 
'VIv-1LmrnLiJ'U~'VIlJv-11ML~1 Ll'f)~-runmmn'Uvv~Lwt'UrnmflllM ~~'U Li1VYi1m"Sil'l~'U 
111ua14i'vWatJM1tWflLtYtli L,;tnJnilv:ih~ 

2) ~fllA'~U&oI1~L;juuU'U'U1-1 fl11lJa11J1"SUMfl1rr-1~~U&oI1~L;juuU'U'U1-1 iiiV 

fl1'ro~ml1J1Wj~ibi~lt1m Uu ~~1JLlJ1JLU.l'lJ\rn , ;JMLlJ'ULOOU1 ~-3LlJ'U~~ ~~~'U 
"Stllmflu'lJjiim"SUPlf)~nmm11t'ULiftl'llv-1~ Y1rnfi1L;j'U~iifl~~irni2J1nYiafi L~"S1~" .. 
Y1v-:1fi1liiaYl~ 1 vvm a1lJ1"SuM-1L;j'ULi'U~11'l1~U11il-1 35 um ~~L-aw~aYl~iiflWalJ'U~i1. . . 

L.u'ULMmO'U UPiuvUm1Y1v~1 Ll'f)1Zihifm)V'U'Wa1lJ1"SUmlM8n1"Siinmv L-a'UaLPlvi~~ (Steri~ 
Siver) Rv~'W.Ja2J~~'U 1 ~1U~-1jf!Mun.j;t'Um"S~I'l"Lf'l-1u.a::w.jLiJuu.i'U'U1-1~,jvun11~~~'U 
'U~a~ UPi u;;~u"S~fyh~.ru~,j11ilii1Lf1~vM~M'U~m"It1J::LfI~rnL-a1Jjh~ q a1'UYIrnLLMlfiaYl~ii 
"" I t 

f!tWlJ\J1n'UnTI~fllA'~ iimv muULiJ1JU&.i'UlM~L.u'Un'U UPiYlrnNfI111Ju;;~1nm1~:m::L3'U LY;v 
~::ilrnn'Um"SUPlniT)lJrn~'M::t1n~wh~m"S~~Pl L.u'U YlMLmrn ritMhlJ1fi1Lf1~tmh~M'Ufl1"S 
IJImamrh~rnm"S m) C¥lIleallfJrruru;fm"LV1 Lffi1::YJrnLm&1l.iJ'IJ~w:t.J~iiLmre~'UthJvtiLiJ'IJ 

" 
,)1UlW1fI 

3) 'tJiin~U1Y11~Lflii ~~1f1mt11tlLtl'Ua1'IJtI"S~nvml1~Lflij'ftv~i)1~,j1-1 , ~~ulvyh 
'tJiimmn~LwtWlmfll ,,~,hl~vu1MaihJ (Oxrles) ~2JTIufi1fl1~~V'ri'1'l 
ai111tul~u cr ~rWlum1a~~tual1il~illUf~vruTImmi'l rLilW..mffl~~bhi1,J!)fr1U1iflm'U 
'UTImfYlflltltjl L.uU ~1 ~'W'VIlJMu.a::'WLtl1JaijlJt'Um"Smm~'W~mut'Um~1-1 , UflL1'U 
mMnMl'lM (~)~-3t1)~nV'UM1U ml'll'UlJI~n (I'itric Pdj ) 1 a1'U~a2Jn'UmMWvL~u~n 
(MuriaOC Pdj) 3 a1'U ~~~U1JLtlWM1 Li100ri~11Jf1'Un11J::Liumva1M~nV'U 

v 
..., <Q, 4. • I ~ d "It.-..., ., • 0 :-t..!'i__.4" 

't~u ~~~\.fl~oll.l {0xX:ie) t}8m~I.~1WtlL~~Utn"..ntlU l.Li\a,..,n"Sml1trrr..RI~m~\.ilt UJItlL'Il 
mfln1lJ~Li'IJL~v~1~ u~~~hi2JLtl'IJ~~ltwljaillJ 'VIrnfi1t.JalJnLflflaillJUln uviLi18ti~1'UltlL;j'U 
L1~1'IJ1'U , ~~~~~h "1lJ1"Sufi1fl11lJ"~mM~1I'lua'TI~~~1U'IJV~11'4umL~tJ1Ji~lmH1ivu 
~mh::lJ1rU 
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4) nl':i'\l11vNh ll;1'V1~Li)m.J'VIn~'W~Jlil~LiJ'U~'J'l11tvHh'VI~tl~tltvHh1~ L~'ULiJ'U1l;1'V1~~• 
LiJ'U~1'l111'tiYh~~~~~ U.l;1~t 'U~~~1'V1m111BqJllruLLl;1~L~~tl>1t1~'\.J1~'l11'V1i;\'nn11mtflit'Un11 

L~a tl'\.JCj1 ~~tl'Itl1~~'\.J~latll1mtl11'ti~1 L~ii vl1 m 1L~atl'\.JCj1L~~a-1t1'i~~'\.J~'Vll ~1n1l;1'V1~llJii 

i'hlWjihLiJ'Ull;1'V1~iif'il L't!'U L~atJ'\.J'VItJ>1Lvratl,:j ~n 'WnlLnl;1 ~1m~'U'VI~tl'VItJ,:ji'h• 
2.5.11,,~:a~ 

L~tI (Silver)L~tlLiJ'Ull;1'V1~~"!Il1 ii~llmnl'J'l11~1111-ra'Uu.l;1~1'ti~11~mtl51'imtl~m~ 

)111tl~ttlU.~~tl1'V1~aa~a~)~ L~'Utitl'i~lu~tl1t1n1)'VllL'VI~aqJ L~~a~t1)~~'\.J .rn~tI~'\.J'ul~~ 
m'VI1) U.l;1~tJ~~1'V1m111nl':icila'iti 1l;1'V1~L~'U~~LiJ'Ull;1'V1~~iif'ilu.m~ii~1111"!l11111n~~1'I 

"'\J " 

L~tl-1~lm-dm~'Uu.vi100% ~~ii~11:uBtltl'l.bJllln u.l;1~~l£JvitJn1)l~tI"h"l£J ~-1,r'Ul'Un1'i'Vll• 
L~~tJ-1t1'i~~'\.J ~,:j,jl LiJ'U~tl~iinT~r.Jall~1£J1~~tl~1,:j~tI L";tJh1~11l1)u;i'U1t1 U.l;1~ii~1111 U.~,:j;i'lJ. ~ 

~,:j~~'Vlltm,1111)U'l11111'VllLtl'UL~~tJ~t1)~~'\.J1~ 11'1£J~1tll'VIqjan7.5% ~L'VIatll1n~~t i'VItJ~U.~~lll 
t.J~1I u.lfim",,~ii'\.Jl,:jLL~,:)mi1~~mh,:)~tI1l1t.J~1IU.'VIti u.lfimiti'IJ1l1'Ult1"~LiJ'IJ'VIa,:)u.IM L~tl':)~ln• 
11~1hiLL ~-1 u."~'VI11~~1£J iimjlllnll1 £J ~~,rtl'lintltJnu.,'\.J'\.Jci1t1111 n~:::Latln1i'VItl,:)u.ft':)ll1r.J~:un'\.J

~ 

L~'U 100 % ~L~£Jnn'U11 L~'U~L~tJ4~,:) (Sterling SiLver) 

'1wauU;"'.:Jmall1'W_(Physical Property) 

~n'I!Jru~l\11£Jvt11t1"!1tl':)ll;1'V1~L~tI Ltl'U 1l;1'V1:;~~Hl1~'U111 BtJ'U~ll titJ'Uli;1'V1~ L~tI 
~1:Ul'iU~~'VI~tJ~\1ILiJtI~'U'\.J1-111~'\.J1-1il,:) 0.00025 ll:U 

19I1)1':)vt 2.1 flru~:\.nThi'VI1':)n1£JIl1~"!ItJ,:)1l;1"':;L~tI, 'VItl'1LLI'I-1,a'UL~£J:u,'titJa'titl~a flru~ll~~l':) 1 

.11.(A~ ~&:JI~CUI 9lJ.~!;lI(I'l) "!liI~frl"i'l.P 

.m., ~r:m. c :n !J :5 

rl'l{II.~w il.&-t..,O\J ;'$ .8.S . . ~ . ~: a.B,.8': ':'~.5 

J,\4li"~lItnl ::-%3 ~; ;: _ :.:z~ :~ ;"': 

'R'Mtl~.\41'1 ('C ~~s .~ :5I'S • <:::3 

\".~!)j\ ("<:1 22:~ - : ..:. ~~ H-­

11111.'MVl.W (o/'cn3) 

i'lIiStf'OlI (nm) 

'f" :: 

-.. 
an 

~ . ..:E' 

-.:: 

C :-:: 

. s; 

(' ::~ 

·.I\~~'n~~fl ~~ ..~::. :r:....1j:...... ~" ... ..;: 

1'I-:'UJ\..11l.f~1. ~. , aVt"CJ ~-=55i ~~2 '::~ ':'.~:' 

"1'U.fou~\J'"1~w,,(l1;~ir",U \caVS> - ~~ 

m~1hf"11dtlli (ca/crr2lcrnlV"C ~ 7! : 

"11L..~1 ('-13) ~ 3­

~M1lltThi"!lmll;1~~1'VI~'\.Jm1').1£im~~mtl):;~'\.J l'Um'i~tJL~~mtl1~~uWnli1~ft,jTwln 
~';-1:ij~,:)~i.:ubif'il L't!'U 'VItJ-1~ 'VItJ-1LvratJ-1 ~~f'il L"IiU 'VIrnrll L~'U m'i~:;~tJn1a~t~ 
1J1";1~am~'lJo.):;viwW~11umJ1flIi!wmru-;~1,:j1 ~~ 

1) m11J111 'trn,,:;~'l11Ullm'Um1'Vi'~lL~tl'UIS'l~tl,:)t11~~~~vlmii~11:U1TIG1':) u1m.h'Um) 
~ 

'iJ1'I~-nf~m1l[.rr1VlmOO,., mJV1Cj1~G111l11W~vitl'lJ~~ll1mruiian~L'VIiitl'lJm~~niitJl1 

http:u.lfimiti'IJ1l1'Ult1"~LiJ'IJ'VIa,:)u.IM
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~~'U1111J1n 1m1::L~'ULiJ'U~ijfl11lJ111a~ uja~.h'Um'ri'~ 1"'ml~i~rh~m6 L;1~OJln
v v 

~(S1Jijfl11lJLL;;~l~Lil~~emiM1h'U'1.tl~lfJ L1i'ULMmtimlU~fh ~1'ULL.,.mhj1Jlll~toftL1tl1'U1'Ut'U 
~C( di 'w- e:. a dX - .ad .. .:m'1l1lit OJ~OJ~fl11m11L'rIlmJhl~L~'U L'Ua~"lmJL'Ua1.~~'rI'M'U1LL'U'ULL~~LL'!J~LL'1~ 'rIv~~u.a~ 

'VIv~Lm~LiJ'U~~'M1Jml~L~1 L'm1::'Yi1tJ!immn\JVa~Lwt'Urnm~l~ M~'U ci1~"hm'1i~'U 
111LUi1Pi'rnLfi\~1ouaflLfYt)i LYimJmjv:ih1m1:: 

2) ft11lifJln')t\'~1R~~LU.lliLiJ'U~'\J1rn fl11lJa1lm(lMlit1R~~LU.lliLtJ1JWJW1~ fia 
nmt~ffil1Jl~iim~lit~~l'lbn -u'U ~~i1'Uwj'U'U1-3 , ij~Li1'ULnafJ1 ~~Li1'U~'Uilllit (iI~alit"~'U 
'1tllmlitfJ'Wijm,)LL(iln\.1nmrnl1t'ULifrnJ~~~ 'VI~fllLtJ'U~ijfl~lJ'U"i,jmi1Jlmlalit L"''11~ 
v •• 

'YImfll'U~a'rl~ 1 aa'Utft a11Jl')(l~~LtJ'U~'Um~1~m1fl~ 35 bm ~~L~'UtI~a'VI~iifl~lJ'U"il1. . . 

L'Ii'UL~mti'U u~hjafJml'r1a~l LYf"j~Ll1vfimJbial1J1~(l'rI'Uiiivm~anma L~'Ualllai~~ (Stering 

Siver) fi a~'WJa1J'hm::~'U , ~1fJ~.;jf!0@JtJ-;t'Um'1~",~~~w.iLi1'Uw.i'U'U1~~,jafJn-h1m1::~'U 
'U1a'rl~ UiiLL;;~LL'1~ml~~~ul",.ml~&nh~~'Uu.a~~Ltl~~L~'Uiiil~ q ~1'UfI~~a'rl~ii 
"'U I" 

flUiUJtJ1tl'Un1,)M~1R~ ij~ ~~w.iLiluwl'U~~L'Ii'Un'U ~'rIrnNfl111JLL;;~lJ1nml~~L~'U LYia• 
OJ~~n'Um'1LL\iln-i111JtN1a~t~~m'i",ii(il L1i'U 'rI~L~~ riv'UU11J1YilLfl~Mlh~M'Ufl1'i . . 
¥In,,~mr.i''I~fNf(f.i rm anneal J!1fnioo(1irnli'I.m-,~ltNl.mfNi.uu141~~mm~~hrtluooriJ'U

v 

,)1Ul'UlJ1fl 

3) tllln1fJ1'r11~Lflij 1~~llitmt11tlLtJ'U~1'Ut1'i~nv'U'rl~Lfljj'!J~fil~9i~ , u.a~ujvYil 
tIljmmnooriLOJ'UtWlm~ ~lt~vLfl~l1 (Oxrles) ;i~1J1'ioYilfl11lJa~v1Ma1I~lit 

- :t:l ., 
.. 

, ... Y "' :t 'i_ '" ~. 0 !In-- ~ 
~·tllJ~iJ.~~~·'UiJ '1 ~ .~U'mJ,,~.um1"~"lumVt'u'TImm?l \.(f'~u"M'!l'U~~Lll"'llJ4.Jmm~ll.'U 
'UTIfJ1fl1tiI'lItjl L1i'U ~1 ~'l.UwJrnU(\~biLtJ'UaiJl1t'U'm'1mm~bi~mfJt'Umtit9i'M , fJnL1'U 
mlitn~~ (aq.ff~) ;i-3t1'i~nU'UM1fJ mlitl'U(il1n (NtOC />d:f ) 1 ~1'l&Ial1n'UmlitWvL~fJ~n 
(MuiaOC AcD) 3~1'U ~(S~rn~U;fI1JLtJ'Ui1~h ujvOO~11Jn'Un1lJ::flmfimnM~na'U.. 

ILl c. _ I d. d,"'" tI' • 0 " ., '"_ 1"4

~v-UJU ~~~~~'1~JtI (QxXje) vtJtn~L11UJtl~~1·Jtn11.,,}vU 1!j\~1l111m11t\11'~~tn~~ \.?'ltJ~~ 

m"'nl11~fl'UL~mJ1~ LL"'~ihjl1LtJ'U1a'M~~ijaiJ1J fla~fll"'a1JnU1",aiJl1fJ1n Uiiulatoft-31'Ult1LtJ'I.I 
L1m'Ul'U , OJ::WJ&:Ju(\~~l allJl'loYilfl111Ja~V1lit~1litfJa1'i~~~1fJ'Ua-31"'LL'rIaL~mm"hMii-ia'U 
~ 

4) ffi'i1.htTlih 1alrem~~~fM1it\'!~l;J'1~l1i11"'Thwi~8\Ynh'li. ~l1dl11~l;J'U. 
~1U1 hnhfl ~fl 'llit U(\~t 'U~(;lalWl')')1J8q!lUUu(\~Lfl~a-3tlf'Ul~u-rmrnn1'riftt11.-it'Un1,)Lflaa'U~1 
LfI~a-3tl'i~M'U~1~mfJ1hnhLflij Yi1m'iLfia a'Uil1Lf1~a~MmiYil~n1m1::bijjfhtl1ij~1LtJ'U 
~fh L1i'U LfI~hnmrnL~rn ~'Un iJnLil" ~1fJ1.~-umr.mtNfl'1• 
fl111J'M'U1UU'U (Density) 

1~'M~L~'U'U1'l'rl~ijfl1111'M'U1LLU'UL\'hn'U 10.49 glee ~ fltlMJJii 200 Rlf11111( 

mJ1LLW"v"1a~L1'Uu,,;fuvun'Um~1'\Jfl1'j,,,a(;l m'1~'itlU(\~m');'U ')11l'U"m;ru~9h~q
'" ,,'U I 

miiL1iu m'i'Ma~'U'iti m'i~lit m'iM~Lm~n1'inlit~l~'U'itI UvnOJlnl1Rlfl1111 "M'U1LLU'U&1 
v ~ 

;f'Umjn'Um'i1J1fi'YI1-3fl1111-ia'Uiiil~' Yi1,'Ul'Um'itlf'U1.h~flrua1J'Ull L1i'U n1,)U'ULtJ'U L;jm~fJ1
\I • 1t ., 

mailto:1fJ~.;jf!0@JtJ-;t'Um'1~",~~~w.iLi1'Uw.i'U'U1~~,jafJn-h1m1::~'U
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fn')vtltlv'U LU'I~m')vtlL~1Jfl111JU;j~ f'ilf1111J'M'U1U,j'U"IIv~h"M:;L~'UfiLtJ~U'UUtJ"~~11J f.lWM.fJil 
~l1Jl')U~')t.Il~M~~l,)l~fi 2.2• 
"'1,)1~.yi 2.2 fl111MU1Ull'U"IIv~h1~L~'M"v1JL'M"1.yif.lum.fJil~1~ '"l 

tlW'HiJij ( °C ) fl11lJ'HU1LlUU ( g1CrTb ) 

960 9.30 

976 9.285 

1000 9.259 

1043 9.210 

1070 9.188 

1092 9.200 

1094 9.170 

1145 9.150 

1195 9.100 

1250 9.050 

1302 9.000 

2.6 fl1'l'MaBJ.ilmr: 
tlvm,)lhll1~~UU~~U;;-3&.i1~Lm1~1LmMl'ULU.i;t1M tIDvUll1~Li1\J~1 

~~R'UrunYfLiJ1J"IIrNU;; it)nflf~ aMtlm~rJ1J'kt'M::1~mnULiJ1J"IIrNLmn\r'U,,~lifl11lfi8'U"ln 
um~~~'"l~~ 

1) m~V1J'kt'M::~uliLlJmL.,.a~~~~ LiJ'U1Gi~Lflmiu~tirl'Uvu'uil"",j''U Ll't,)l:;ij
'U • 

fil1.u~lmivU Li1'Um')l.uLlhnlml'Jot~"lnw1~Li8L'Wii-nffiv1J"''M::l~,,:;mu~fJft')~ w1~LivL~~.u 
1vluriuii~f):;L,ma'U w1~lYffil't'U LiJ18i'U ~uli~11Jrltlufi~vv~Lw L";t"btJl~Lii~m,)LU11wj l~uij 
111~1'Uw1~LiJ'U~tJmwiiril~fJ.!1'Umw-r~vU~t1LtJmlWlmh.R1J1Wf111lJiv~1~vml,) m'l 
~V1.IM1mm1~'MmDR~rNijffl11l'ri'n nn['UnTIilih~nJ1"IIrN'[m,:;'htm.lmv'W L'W'll:;'WijLft~v.niv'U .- ••~ 'U.... 
1~fri'I"'Jtjfll.itJtlfwdjli.ifn~rrli ~~uLWnttJr:lMflm-um,)l1avuatmiJ'ijrn~rijmilU'lt~\j

t t ., t '" 

Rv f.lLllWJil\ffi~"lU (Metmg Poilt) LiJ\Jf.lLllWJilii,hhm::":;l~l~M f.lWM.fJil~~ (~ 
Pdng) LiJ'U~LllWJij~Jl~'M::L~lM~mmfl'lrn.J '"l Lilm'lu'nht~Lii~mU1 Oxrlrtion Jl~ 
~VM ~~lIw1LWtri~flN1\'ilt~LiiM'jYf'l'Ut~Ufl1Jmi~-nf1R~lLiJ'UVri~~,ni~~V1J"im1:;.i&:l• -¥... 'U • " 

http:1,)1~.yi
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mmlJtml~Ml~Tm1:: ~-R~L~ummruu,wrh.mWl1Jm~m5m~tl t'Ufl-mJ!iU9i~~~'Mi1 
"mlmri~"'ffiutm'UL'VIiimjl'Mi1'tlrnm~flL.n ~~v1l1.iJwWWlmtt~• v 

itlRTI~1LL'Unm::m-001~\'Um~tll;i,,~~muJ1mtll~flYImtlWriL,h~·mtllJl~L,"u-rwa 
niMi~1m~tllJ~L';tl1-ML,hm~rJ1lijm)'!Jmmi1t-MLYifm'4tlLffi1:: tlWWlm'Um~tllJ~ , v 

"J~a~ i1L,j~~1bm'U"J::LtiMm~ni11"J~lht-Mafll~UL,j1\1ilil11~~w:i'jfi1ii'm1tllJv v·~ 

~1fJ 

m~tllJ~~'J1milinly((Mml~~1'U\fl~mmi t>i1L~tl'U~1ULL,)-1LwiEm1iifl'Uunm~ ~~"~ 
v • 

L.ftlLwii~1m\MmJ1JM n~~~1~u1iUil~~LiJ'Um')lJ1fim~~~ ~u1iLPI1'm1tllJ 
lilirM'ltllJ~ tl1"Jti'Yfam1Nlnlww1 mtlwla LiJ'Um')t-MflYImtrumtlL~lJtlWWlijmu1'Uu;n• v 

'm1tllJ R11mtl'U'J~fitlu 1 LLYriL"11'llil~1"w.:iitl~1'UL,j1\ffi~tl Cn.rlJle "J'U~'M:J'U"~mu 
L~ tl-1'J1nm')\ffitllJ"m~Jt~ifw"t1iLu'Um,)L~R11lJitl'Un'U~~lMuj;l,)-1 ~~~tl-11iL1"1'M"tllJl,,'M~ 
lJ1nm-nG~'U 1 iG;f~-1bjLil,niilUlJ1i 

2) m')'M"tllJ1,,'M~1~u1im,)L'MiiU1u1 LiJ'Um,)~tllJlfi'MdMU1im,)L'Miiu1U1'J1n 
w.iLmnl,..ih i5'U~untiwl'UL~~m1~li~1tm~in~1\hlww1Iiitl~1'Um~LLalww1 .... v 

", tt ., 0 :'to~ _ 4 • c:,~ 4 1 ," - .,
0 0 0 

~,n (U L'U'iMf(jm.rJin "~1LViLflVim~LU1(vru frJU ~rnFJ~UlJLwa f1mn1 iI~,,~jnLViillVifl11li'l~~In 
" 

a1lJ1~tMltJ1JTm1::'\Mmu1~tc:L1m~'U 1 'Utln'J1nifri~mw1'l::tJtJwlaLi1tltJlJ11i1'Um~ 
mmlJMa~L';tltiR"lJ~'Mi1'tlrn~W::'m1tl2.ID::mmiimJwn'Um')LilM 0xrlJfun 'tim 
.J1~~~1fJm'MYtllJ~'U'U1J'\t-r'Uft11lJijUWloo~~~~MtJiiiiflwtl1l'ta~ci'MlJ1n1'U

v ... 

3) 'J~~mtmrn~ WJ100~ ~~~'UtlWWliJii~11~L~mJau~li)1f1'Urn LL~-1. , .. 
LiJ'll!Irn1lffi1lMmr11mni1'UC!~u~ 1 lJntl~l'UlthJrn~~alJ fltl ~~~,ru:Mm~l'U 
~1'UaMiiLLj;ln,h~n'U L';tll-MiiflWalJ,j'~j;l1lJR11lJ~tl-1n1~li-11'U 1'UC!j;la1'Mm,)lJrr'YlJWLL"~ 
J ~~~.. k"Q1 ~1';1 ."enn1 Y .:i•• .,..1 ~",""~fYlc;rf~;t- ~ ", ~ 4 ~ II" ~,.f. .thu 'OIr. lIn.u U~u ••• U ~ w 11......'tIlJ ..............,.J~~t.l'U i ~.'Uvl1tI ~,.tl.'MlJfl~~9\1lJ 


~mm') L-ft'U l1mfh~~~'U 1~u~u11'll~alJ~flijtlWWliJ~tllJ~"1u~1n'h~~i~'U lm.'~. ., 
~a1M~~ru1i5mWMmlJ11i Liitl1~iinl'~'M"tllJ"~mULtn'f1~~"ilML...h,r'U (hj~tl~~mmf-1 

v • 

oii'U.n'U) 
1 0 ., '* ,. 0 ., .., ,_ d " ....:""

4, flTI111ft111!'HJ'll ft 8ftnl.!!tll ...lTIV.lW.~11ft11l.I'iE)'l..rnffi1~t\ '!If\'!t\~'!~l-tl'tJ~~ flO) ~ 
, • 1 ~ 1 

'Mii-1~"i»lL~1LYfm~ L-ft'U ~1WmW1Rllmtl'U~~ '!'Ufltlu1tl1-MRmtl'UW1~L1,ni'J,~-1 
~L~W11J1')mj1R1'l1fitnnf'U1Uiitin"J~.nMf~mn'U'\Moo1~Lh l'\J'U~~mn'Ubi'J~, 
u1fl11lJitl'U'\Mi1lJ1n u1tlLViEnJt1'UM~'U l1tl~W'l-1 i-1LiJ'U~iimw1flY1m~~ 1'UmW~n~ 
~r.rurjtl'U~~rN1-Mfl1MrMlLYiu.mtl~~mhL4'UJC) ~-1'If~1'U~~~l~~~mui~11lmJ1~l'Mqj 
n1W~mLiJ'U"JfWf)'Vi11~ihjmm1::R1Mtl'U"J~unm~'J1ult1l1Jri~'U q "~1J-1'Mlcim~L11

• "I 

LIii~~'UU..,.m;,jlJ L;]~~ijflM1lJtjm~m-ru1fl11lrl't)'Uw~,jn ~~~frhiJ1J"J~~~ 'tfflW9IrN 
~00tln~1L~t)'Ul'Umw;1L\1uA1L~iMi~1L1~~1 Lffi1::L~ooLmi-J'U"J~wl~-r'UR11lJ 
itJ\N1nmWMffi m')fimnRU@J'Um'Um~tnm~mlrn~iim~1mnJoo1mlnlummitl

• 
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~1~u L1a:aL1'fai"rlJ LlJu~~lm1JfYl~v~oo~ihlfirrm ~'rI~~W~lJ1 
m1~v'lM L;1vmrdiihmi'riiuobilul\J 
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5)a11J1~u~~::~nuM~~~~1[J,:j11J~81vn~'U11i1~11J9i(J,:jn1~t~MiultJiu~vtJn1~itll~_.. ...... .,
2.9 ~nr~mlLfltn'MN 

awn 1MJPI~[Jn"u"::fl~ (2544) 1~,j1m~~n1iTI~~1~-Ma1Jml'V11,:jn", m~1J1fi'n1~. 
fl11mv'U, fl111J9i11m1'Um~'M1Jv~~~m~wiv11'U~w-lL~v'U~~v,:jtl~~~tJthmfim~'Mciv1a'M~

" 
L~ + 'V1(J,:jU~ + ~f1~a + .ft~noo .nULYlflijflm~'Mcivl'ULR1ml8Lw5[J,:jutJtJ~'l!'l!1mPlltl[J 
r;lvr&J~mil;J~IJ'1itl~"~~::L~&JL~t)M-~ ~tl 93.5%A~+4.5%Cu+1.6%Zn+O.l %Si ~iim~u.·J1 
a'U 1J1J'V11~LMmi11a'M::, fl111Jd~ (fl111JL~1~vtJt'Um~'MlNLw5n~) lW~8W'MiliiLYlwiv "uh 

.. .. .. 'U 

fi1Yiiiu'U11,mt~~tJflYri8~mut'UiIH1wv~alil RB 1J1J~LYI 65° fl111Jd~ lOG ua::8W'Milii 
.. • 'U , '" 

L'V1wiv lOSOoc ~1nr.Jam~lim1rh1l1n flw::U1~um8a,:jLnwhl'U1R~,:jm~~nci11'Wa11J1~U
'II 

'Vi1m~~f1lt1U~1W'tIB.:J51~L~mB~ (Zn, Sij ~ijr.JaMBflW1l1l't~1'Um-lB ;~~~~n\riiBa~~U'UB~ 
~'.h::n8tJm~ SMEs ~,j1m~r.I~~M1L~BtJLfl~8.nh::~tJ.nULfl~8~ci8LwSmYit~fl111J'iVtJ~1fJ.. 
lflLr.J1 ~9i8.:Jiim~LM1Ja.:J~a 'M~B'YIv~L'Ma~Li1111ltJ1a'M::L~L?iB,j1""j1'~L\ru51~• 
Deoxidized 'M~B~wiat'UJ11a~ 

d 4,,--,,, 4 .,. ., ., """ d .,. ~ 
LnryPi'l LVl1"m.ntJl'iJUu~lm~v-rum)liifItJLU~Vlj:nlim))jfJflJllfUUl1~U1)m'h~~tJ tif1JVi1 

f11'lr.J~~ihtJt'MqjLnlil~1nm::tJ1'Um~r.J~~LtJumrfl iJ~1,-!flmm iJ'l!mLfl~8~im/~tlmw 
uaru'l!'M11~qMtJ LiJ'UiJty'M1a'U.ru~(J,:ja,:j1J1~11Ja1~tJ IMfJiJ'l!'M1m::tJ1'Um$l~~LtJuiJty'M1 

mlfl ft8m~1LUiWuWwivua:m1'lml81a~ mWfl1~ilIilLlifJ'Uua::Mtt~lJ m'l,j1~'UutJtJua:: 
._ 6' ~ 0 ., .., 0 ., U •• .: Q, d 

LUJ'W~",u~Lu"I4"~ff~l"lWu~tl~"~lir.lj"l~tl (\l~~lrntltlr."'jffilu~'U~umj;J"~r.rru·lnr. 

LiJ'Ui8tJfll't~v.:J~"lJlu.lf'U~1'U'MciB iiih 12 ~n'tiW:: i8tJn"~v~"lJt'U;j'U-11'ULliUlJ 6 ~f11iW:: 
ua~.ftvtJn"~v~YftJlvi'WI1tJ~'UutJtJ~::LUJY41Mm,:j 2 ~n'MtW lli1fJivtJnYf~(J,:j~Ln~'Ut'UuM 
"::~n1i~ V1~Lntt~1na1L'M~lrn1n'Ma1[Jmw ~11J';:~lM~tt,j1i1vm,:jmwfln1i1a1'MW• 

http:lflLr.J1
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.,;
U'VI'VI 3 

lGn1'~~1LUU 

3.1 LU./UnTl~1LW':)1U 

m~limiLiJum~finlf1m~fim~f1tJumfliim~mitJ~uLL1JtILL1n.ftllUfl EC 500 LYitJ~MJtJ':). " 
L~mnnm::U1Um~~ailLfI~fmJ~::MULSUfl111Ja1JU~MItJ.nrU':)1U91'1L~tJU1~m; ri1U'Mii':)1J1'11 n 

" 
m:m1Un1'itJUL,j1UuL;;tJ1iLLifl4il1'M~tJtJmJ1m,j1Uu W 1 mr~~1ULLin.ft9tnfl1.:J1UL,j1thJmitJ

OJ .. OJ 

~tJ~~uJ11~'M::~::'VIUM8LL'i~m::LL'VI'm'll~}:11111,,'M:: n1~tJULU1.. IU~::·t'h1l1L,rl1Juana1J1J'iw
\: 'U. v 

Lmn::a1JOULLin.ft1riifl EC 500 

n1'MUfltJW'MtliitJUL,j1Uu1iLLifl1l1~tJtJn~~fI'i1Ufl1U1U 
• OJ .. 

7000 e 75Cf'e 8000 e 8500 e 
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3.2 mJnLL'Utlfl1'm"a~ 

t'Um'lmlf)u'U'Um'll1I1l~B'I~1BOJ~Iliim..JL'\htJ'ULY1B~ciBL~'U 925 Ll1ltlliu1f"li E( 500 LtJ'U... .. 
~'Uu'U'U1'Un1'J~ciei5'U-nu Li1B'I~1f)VfliiliBOJ'\IIIliiB'ULoU1 ~'IU~L~lJ~'Ui1'1riB'U~~Bt iL'Ja1 10-12 . .. 

i1UJ'I t'Ufl'l::'U11Jm'lB'ULoU1' I'UL~ltIli~'Uu'U'Uulfli E( 500 ,r'Uihll1l~~BlJL~m~~fl11u1ni

\: '\l 

tlfl~ ti1~111~1 'U1'Um 'l'VlI1l~B~1'Um'lBBflU'U'Um'l'VIVl~ B~Bru"'Ilijm'lB'ULoU1V'UUti'lLtJ'U 4... .. 
'l~~'U .yi 7000( 7500( 8000 

( um:8500( ~'It'UU~~::,j1'1BOJ~Ilii ~::'VlI1l"B~~'I'\IIlJ11l 100. .. 
~1mh'l R~'I"::5 LoU1~1'U1'U 5 i1mh'l~BLU1 'l11J~::1~ 25 i'U~B,j1'1Bru"'IlijYl'Vi1m'l'VlI1l~B'l. .. 
1iBru"'Ilij",ciBL~~Lt91Bi~~ 5500( ~~'l'l1Yi 3.2-3.5. .. .. 

700 £I.:Jfi1 

800 

700 


600 


500 


400 

- 700lNtYl 

300 


200 


L
100 

1 _ 2 3 " 5 6 7 8 9 10 11 

'lvYl 3.2 m'lBBflu'U'Um'll1I1l"B'IB'ULoU1V'UYlmlMIlii 700 B'lPl1 
'U 'U 11 '" 

750 £I.:Jfi1 

800 


700 

600 


500 


400 
- 7f:lJ.NII1 

300 


200 


100 

0 


2 :3 4 5 6 7 8 9 10 11 
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900 


SOO 


700 


600 


500 


400 


300 


200 


100 


0 


900 


800 


700 


600 


500 


400 


300 


200 


100 


L 1 


800'tl.:lA1 

2 3 4 5 6 8 9 10 11 


- 850g,j/!'l 

2 3 4 5 6 8 9 10 11 
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... . 
1. il7l~1ii'\J~1'\J~'\JLLUUL-Wv~1m~'VIl71av~ 

2.t1'\J~~v LL'U'U (KerrCats) LiJ'\JtI'\Jth~ Ul'VItl'\Jtitl~1J'Uv'\JvlL~1J1 ~,h~i'm1'\J~~vla~~ 
'\I '\I" 

L~'\J ~~v'VIv~L~av~ ij~1'\Jr:J~1Jf.lv1~17I'V1'\J1Y4~,:jtl~~n8'U~1[J~~m fI~~1(Jl'U1a1alfi' (Critoballite) • 
1~~rviij~1J~LiJ'\J~1fil7l (binder) f.lv r:J,:jtitl~1J .yfij~v'VI1,:jLflij11 LLflm'-;[J1J~aLY4(JlL~mm~~(Jl• 
(Calcium sulfate hemihydrate) LLadjLL~fl1v(Jli (Quartz14808-60-7 0) LiJ'\J~1'\JtI~~nv'U 

LV.1JL~1J 
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4. '\.h~'UU.UUm~v11n1,)lh::m),U,)1lJnU~I'UI'JI~U.~1,r'U t~m::'\.mml1~mY;avlln1,)L'VI
dO 

~'UYf~'tllJ~~v11 m')~(;lmmflltltlmnmJ'UL(;l1'J1iLI'l~tl.:t~(;l,!qjqjln1f11 

5. lh.{hth~LilL\,('1iJULiJ~l~iJ~tJfI.lVifdjifil11~lnj~iilU
'\J .. 'U 114 

6. v11m')miml'l~a~th::~uIil11'JL1'l~a~"'~B~(;l,!qjqjlf)11'1 

., .,. ., 
3.3.1 <iju~rtJUnl'liJ.ifi~UmU~IU;tlliih~nm~nll1U~iJ.r;;;:Lnfll'fifl1J'h~illuiiju~lu 

9l,)1"~'U~1 'U1(;l1'J'W"1')Wl"1 n ')'l1'V1'~ ~L(;l 1'J,)1lJ'tIB.:t;1'U~I'Ujj;1'U~1'Ui.1lJU')ru911lJ~'Uu.U'lJ 
~ ~ 

"'~tlhi CJ1'1m~~'U~I'U~l1~tllJlu.~1,r'Ual:IJ1')(l~,,::tiILilm::'.n'Un1')~tllullil"'~tl'W L(;lI'JU.U~ 
Lnru9ifl1')~(;li1'UBtlmtJ'Ui'U~I'U~ ua::;1'U.:tl'ULi1 I'JL(;lI'J;1'U~I'UL~f.ljjLnru9i~~dfltl i'U~I'UhjL~lJ , 
~'U~I'Uii\JIliJ~u.a::;1'U~'I'uiiFl~i.J1",.,:: 'Utlm,.,ijtl"l mnom 1~ilmtJ'U~'I'U~ 

Lnru9in1 ,)U,)::t.ilW 

1. i'U~I'U'WL~lJ 

.. 
3. ~'U~,\dlJi1~'U1r;;VI~ 
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tI tI ~ 
\llU1U Ul lhllUO lhm10 
~ ~ a 0' ... 
'lfU~ 'lU lIUOU109f 1(lll::+20% 

".,;
m11U l1J1Y11 

4.1 g 44.62 g 500g 200 CC 

'II"; 
l1J1Yl2 

~ 
5'JU 3.8 g 38.76 g 500 g 200cc 

'II"; 
l1J1113 

~ 
5'1U 4.1 g 41.82 g 500 g 200 cc 

+------l-- - -­
'II"; 

l1J1Y14 

4.2 g 42.84 g 500g 200cc 

l1J lYl5 """ 
.. 

5~U 4.1 g 41.82 g 500 g 200 cc 
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~TU1U 

.£'iru,nu ... Q '" l1Ufl111flctf 

'11~ 
Ul11'U L'U1T11 

3.9 g 

'11~ 
L'UlTl2 

.£ 
5'VU 3.8 g 

'11~ 
l'Ul't1J 

3.9 g 

11 ... 
UTt1Ufl 

1
~H::+20% 

41.43 g 

38.76 g 

41.43 g 

., ., 
UTHUfl U1HUfl 

500 g 200 cc 

500 g 200cc 

500g 200 cc 

- ---- ---1---1-----4-------1-- ---+-_. 
,,~ 

11J1T14 

3.8 g 38.76 g 500g 200cc 

,,~ 

l'U1T15 

4.1 g 44.62 g 500g 200 cc 
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., ., 
llnJ1'U th unnro 
~ '" d ~ 1
'IflH1U l1UOU109f "11::+20% 

,,~ 

U111U l'Ulf11 

3.9 g 41.43 g 

,,~ 

l1J lfl2 

3.8 g 4037g 

,,~ 

lUlfl3 

3.7 g 3931 g 

- -------l~--I-
,,~ 

l'Ulfl4 

3.8 g 38.76 g 

,,~ 

lUlfl5 

.. 
5W 3.7 g 3931 g 

., ., 
Ul11UO Ul11UO 

500 g 200 cc 

500 g 200cc 

500g 200cc 

500g 200cc 

500 g 200 cc 
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., " 
'IllU1U th'l1Ufl Ul'l1Un 

~ '" d " 1'tru~lU 'I1'UflUlfl"V "'11::+20% 

"cO
milU L'UTYI J 

3.7 g 39.31 g 500 g 200 cc 

"cO
l1Jl'YI2 

3.8 g 38.76 g 500 g 200cc 

"cO
L'U1l13 

3.7 g 39.31 g 500g 200 cc 

-- - -----------1>--------1----+------­
"cO

L'Ul'YI4 

4.1 g 44.62 g 500 g 200cc 

"cO
l1J1'YI5 

3.8 g 38.76 g 500 g 200 cc 
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.. 

3.3.2 n1~Mn~mn1~9I~11il",auiu~1U~~n1'm"aa~ 

9I1~1~ 35 wiinn1)'YI - 7000
( 

~1'U1'U
".t

L'Ul'tnJ 

5 

tt •••• 

5 

' ..... 
5 

5 

5 

4 4 

'tI'tHl'U 1J 1JfI'j'tJ
.f " 

1 2 o 

o 2 o 

2 1 o 

2 o o 

2 2 o 



44 

." 
'jI 

l'Ul ~TU1U W-31Uili 
~ d 
't'WJ1U 19l11 

5 j 2 o 

5 2 o 

5 3 o o 

5 o 3 o 

5 o 3 o 
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jI d d 

1'Ul lJtl'j'U 

d 
!RlJ 

5 o 2 o 

5 o o 

o 
5 o 2 o 

5 J o 

5 o 
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" 1111 

5 

~'rlHl'U " 11 

o o o 

s o o o 

5 o o o 

5 o o o 

5 o o 
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3.4 anJ• 
Lif8'Mlt'U'U'VI;j~~L,j'UL~8~"8~11jn1'1'VIfia 8~LLa~~am~thLij'Um~'VIfla8~ If1l1,hm~ 

'VJfI~8~m~1.ftLL~n<iJ EC 500 LtJu~'ULL'U'Ul'Um~'M"mY;8~m~18W'Mllij~L'MlJl~~lJt'Um~8'UL.ul. " 
tl'ULL~~'Mri81~~L~'Ulf1l1LLu~,b~8Wl'1llm'Um~'VJfI~8~88miJu 4 .,j'H If1fJm~1Lf'I~1~l1~~m~
" . " 

'VJfI ~8~1'U.,j1~8W'MlliJmnti1tl'U~ 700°C LL~~ 750°C l'f'lJ'hi'U~1'Uij~fI"8~LafJlJln~~fllf1iJ
.." v,. .. 

1f'U~1'Uri1'Ul'Mni,f'U~~ii~llJfI U.~~1f'U~l'U'Wi1lJ'U~ru l'U.,j1~8Wl'1lliJ~ 800°C LL~~ 8500(.~ 'U 1 'U 

t .: q tt: 4 4;"" ~v..c:f..:' ~ 4., • ~ :;.: 4 
'W'U11"'U~1'UlJf'l11lJi1lJ\!~WlJln'VI'lfiLfllIlJ'iJty'Ml'VJ'YI'U~ l'U'U8~Li1l1L~n'U 8 iJ L'VJ1'U'U 'VJ ~'UL'U8~"1 n 

;f'U~1'Uii"'m~tw~~fi8'Uil~L~nLL~~ii'M'UllJL9IfJLlI8:: ~~,hlmb~8W'MlliJ~LmJl~i1lJ,f'Uii.,j1~. " 
8 UMlliJ~i1~~ln8Wl'1llij8'ULUl'Mri8LLIn<iJtln~
• 'U" 1" 

uitll~ilm~'VJfI~8~j;tllJtl~::L~'Unl~'VJfI~8~..f~ 4 .,j1~8W'Mllij ~-l1~i8lJa"8~f11~ . .. ." " 
'VJfI~8-1911lJ~1~1-lYiLUifl-lHYi-l 4 m~V1f1~8-l 

http:LtJu~'ULL'U'Ul'Um~'M"mY;8~m~18W'Mllij~L'MlJl~~lJt'Um~8'UL.ul
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4.1 uaf11')tfUU1H11J 

m,Jv l~1l~v11n1'~~n'\'f1Y1~"B~mBru'VI.f1iie:J'UL,j1tJ'Um)'VI"BlJ"~mtl'tle:J,rr~~LL1n'i1 EC 
\J' • '\J V • 

500 bL,J1tl'U1'l~Ab"' e:JBmnm,jltl'U~'U'VIlJ~1~[jWY1~fl)1'ULL1n-nf1BL1J'VIfliihiLil'U 850°C L~u v ~ , ~ 

~mn1Lfl)1~Wti1~BL1J'VIfliiYiL'VI1I1~~lJl'U,b~m)B'UL,J1tl'UL~B'VI~B~'ULL'U'U~1L~B'U1"'VI~L~'U
• v v 

v 

925 '.m'tlB.ni1~~ru'VIJJij~1~ '1 ~-3ii 

4.1.1 '-J"m)YI~"B~,b~uL1J'VIfliiu'UL,J1tJ'UYi 700°C 
• V 'U 

'flr..Iv.ni'J• " 
... .. 

~'\.n"il 

v 

~l'\.nU~'U.:Il'U 
.. 

~lU~ 
.. 

,nULi'lil 

... .. 
L'U1Y1 1 5 2 3 

., .. 
L'U1Y1 2 5 3 2 

700° .. .. 
L'U1Y1 3 5 2 3 .. ..,; 

L'U1Y1 4 5 3 2 

L,J1ii 5 5 1 4 

)Yi)'UYi'U~L1rui.b~1'U ~1 L'VItl1Ln~~1nfl11lJ" . . 
-rv'U'tIv ·:ni11,,'VI~'IJ ru~ LYI".:ILL'U'U~lJ~~ n'U 

fl11lJ1i''U'fI B ~ LL 'U'U'VI~ Bvi11\1Ln~ ;h '9j~'U 

uru'VIflifuB~J11"'VI~~~Ln'U 'VI~Bfh~~n1'9jl'U. " " 
J11,,'111::hi'VllJ~ 1~::'U1t1hiL'VIlJ1~~lJ 

" 
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- "'1L~fI ~1'U-€'U.QLn~"1nm~ m1J~nlli'UL-u1. . ,. 
thJ~1Ln~hJ~~l'h1iJ11"",::Li1h/bjL~1JLn~,. 

.~ v 
• qQ ~ Q <CIt, 0 

~tltlLL"'1~'YI1I'U~1'U ",~mn~"1 n'YI1~L~'U'U1 

1"",::'W~ 

4.1.2 r.mm~'V1~~~'1b~tlru",niltlUL-Ul't.I'Uii 7S0°C.,. ,. 
fl1,)1.ri14.3 LL"'~~CJ"m~1Lf"I)1::~CJ~"1n-€'U~1'U~",~tl"lntlru",nilL-u1tl'Uii 7S0°C, ,. ,. 

... 
-;lTU1U11U:nU 

S 2 3 
v .,;

LU1'Y1 2 5 2 3 
v .,;

LU1'Y1 3 S 2 3 
., .,; 

LU1'Y1 4 S 2 3 
., .,; 

LU1'V1 5 S 2 3 

- "'1L~fI ,:j1'U,r'U.QLn~"1nm~ tlW",nlli'UL-U1. , ,. 
t1'U~lLn~1t1~,:j,hl,"Jl1~"'::L'li1hlhiL~1J Ln~,. 

.~ ... 
• q.r::a. 4 <Q. q, 0 

'HltILL"'1.:J'V111'U~1'U '\II~ tlLn~"1 n'V11.:JL~'U'U1 

1~'\II::'W~ 
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v v • 
AI. Q.a. dA q 

- a1LWI•-31'U'II'U'ULn\1l~lnl'lllJ\1l'VI~1-31'UlJ1mJ 

~ Q c:lt. Qo 

";l'W";l'U'VIU'H1ru~1,:j1'U !.11Ll1?lLnlil~lnfl11lJ 
v • • 

~tJ 'U'IItJ-3J11"l1~'Ilru~ L'VI ,,-3 LLUUalJcr~ n'U 

fl11lJ,r'U"II tJ,:j LL tJtJl1~ tJ-n11 ~Lnlil ;h~;1'U 
tJrul1J1jj'lltJ~J1t"l1~!.1-1Ln'U l1~tJn1~\1lti1~t'U, ~ ~ 

J11m1~b.il1lJ(iI ";l";l~tJ1t1b.iLl1lJl~!.1lJ
v 

4.1.3 ~"m";l'VIIiI"tJ.:J'ti1,:jtJrul1J1lJtJ'lJL'\ht.l'U'vi 8000 
(• v v 

fll':il.nf 45 LL~\1l-1~"m':iiLfI':i1~~~"~ln~'U.:J1'Uvil1atJ~lntJrul1J1lJL'tht.l'Uvi 8000 
( , v v 

tJrLiliiil~ i.tiTil 'il'iUTW"iiU~TU ~Tui1l ~~liJ~~t.i, v 

v d 
LU1'V1 1 5 3 2 

v d 
LU1'V1 2 5 4 1 

v d
800° L'U1'V1 3 5 3 2 

" dL'U1'V1 4 5 3 2 
v d 

L'Ul'V1 5 5 3 2 

., ., I • 

a1 Ll1" -31'U",'UiiLnlil~lnl'lllJliI~~"N1'UlJ1nih'W'J'U~
• v • 

... 1We:i1~1'U !.11Ll1I'1Li1(i1~lnfl11lJ~tJ'U'IItJ~11"l1~"IIru::L'VI• 
':)LLU'UalJc4!.1tl'Ufl11lJ,r'U'IltJ.:JLL UUl1atJ-n1 t ~Lnliln1~;1'U 
Wl1fllJ'II tJ .:JJ1L"11::a':)Ln'U l1~tJfh:ij(ilti1~1 'UJ1L"l1::hi 

" v 

http:fll':il.nf
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- a1L'MPi .:J1'U;1'UdLn~"1ntn'j tlWVlfliJt'UL,hll'U~'Ln~hJ 
, 1; 'U '\I 

1~J,1"VI~Lil1tJbjL~h.J LnVl'j8ULLVl1-l~;1ll,nU VI~tl 
11)')1.:JL~llthlaVl~hi~ 

4. 1.4 ~,mtn'j'YI~a8-l"1i1':)tlruVlflij8\JLU1tJllvl 8500 
(

• 'II 'II 

Pl1~1-3if 4.7 LLaVl-le.Jatn'jiLR'j,~-Me.Ja",n;1ll':)'llvlVlr;i8'" 118WVlflijLu1tJ'Uvl 8500 
(. ,.. ,.. 

Bi:l.iliiflil• ,.. 
., .. 

lu'Y)'i 
., 

,j'TU'JUtdtWfu 
.. 

~TIJVI 
.. 

~IUL~fJ 

LUTYi 1 5 5 0 
., .,. 

L'tJI'VI 2 5 5 0 - ­
850

0 
LU1Yi 3 5 5 0 

., .,. 
L'tJ1'Y1 4 5 5 0 

LU1Yi 5 5 4 1 

~ 
Pl1~~1~" 4.8 

- a1LVI" ~,'U;1ll.Qm"''''l1tn'j BWVlflm'UL'li,. . .. 
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