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SYNOPSIS •

Whb t'- QIO'Iltbaf TnclustflesIn ~lo9loh It. cf'-_-od'tJI high cfa.,

~ IfOIlI1 ~ &:Ir'by doy. Coat Iron. \oe(Illy fIoIoItClb. if; of lrfM'kIr quo111y

and cloeJrot terti••• t'- f8qlIl..-nt WCll'It'" by t'-lndultry wnc:.n. NoM of 1M
•

local founcHM trlQ\ntaI•• GI!)'c"'lca\ ar ~ICQI 1'••••"'-'-lol'-'lM to cheek up the
~

qualities of thltTr~IJ. At 0 f81Ult,' '- Inferior It tbi:lr plotbet •. ~

Sa- loccleatiron'" ~all, endct-lcolly~. e, .,.,,1.
me <OiiJPAIt •••• IeU, ,,- l'MItoliokb. it WGIfwnd thol the good cpIl1tr c:ast

Iran can bI~. 1to_0110 fattnd tho!' by oddbIg Q1t011t1&.1_11 the

ph,siC:OIplOJ*'tles of _t iron con'~ ~ed and IIlO)' ~ lJlGde IUltClbt.for tht

requ.••• .-ntt fAcf.lf'--t Indtnttifl conc:emlkl .
• •

•
•

•

•
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C.£.

C.E.F.

GLOSSAlY OF SYMOOLS •

Cn:rbon Cqulvolent Y!2ltnl

o-bgll EcpIlvaletltvalutl:baMI on fluidity

c,

•••c,•..•.••..-~
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•
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T.C.
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•

FtnO-MilrvnwlCS

fenoo-Sllkon
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INTRODUCTION

1'hn enO QDOdrIlIfIlbwof Got ~ •••••• o~dno a.t

IRm. Due to t" tack II cWlnttet;*lflcatloM of a ;d1hb and P¥ical

P'O••••- !be •• II" of tlw <Glit19II.."..... Ill tt.bMIM

-pro4Ictrcc.tkooll"'", aflarhv.t •• :&•• 2KM1'1hlaba."CIJlIt ~

"'* • .., Iron, aid _1I1e hl'l"'d!llC'fti I"ly ,nell"*' ondUlid 1ftOIto_t-.f

countr't.I. 1Mot.cl1hIt pn:4ad II to •• .etflorlllG_'-tlllI It...-.-or r.n-
••11~ '-Ie lie 'If. f•• o dIfO.1Itc.ItU."1I11IJ.lopuladutM.alWah

.-Ihy CGItItoft IIIndtoolap •••• hi ptpcal and oIh1r 1l'~'

•

•

•

•

•
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CAST IlON
•

MoIt..ra1 procb:;fI orlQlnalit rra. CCIII'" Colt.,. II ...-tlellIy 0;

•••• itlrv PO', II •••• r1hhed 1110Jut- .1*1011, t \rw;l ,for rhe ..,llly

aMI rype 01 -.to! • t.~.
e-hn II •••• dial"applied tQ.. wIcit•.••• _ Iron:eben-

•
stllcoa .110)'110 COIIWI'IIIt•••••• Jh •• II. ~A"I%'W 0I ••.•i1111otI...- .1wirInTI.

Itlsanhn~1D .dtcsbcwt,._IIt •• I¥GI"',thot IIflOt,l"'le.
n.cubc"Wtl ••nt" __ Iyb.1II I 2.0_4.& Qr,iia,oErrlousl,. Iron

•
'- 0'" ••••• of POf*I*. IIka_II pac oS; varhdtor. lit I"

.I[ It&''COlIIe~I. e~ C. kl:In_ld nat'* •••
In 1111c; pcAJl~ AU GIIIlroNcordala ~ ••••'b••n, tllk:orI,. ;._: •• ,

"'Hltl -.d.I•••••Thul!lC:OI'Ho"r.ntlso.90ro2.8la. $ ;'1 "-•

O.SOto 1.«a, ~ frolao.lI7lO o.~ .•• _"pta,,... 0.0:5toO.1OL
CLASSIfICATJ.2!iS

(1) WhI_ ewt lfan

(I) MoII"'I. east ••

(3) Gn:!y~111Oft

(4)~llhI« 1'oWIb'cc.JIron

(I) WW•• COlt f,. 1110celWb., ,••• hl:tuM •••• II;ht ••••.• Wy,*_

hn •• _". ••• ~ oIlef'" ,.bon'll ~1_. • II.orCIIptmUtII-



•

3

(2)Mall.'- .•••hn II. ~ br "-Ing .h1••c.t 1rOflferCI t.:me .r."_
It. "lIbl ~ (l7fX!'Ffor 50hclul$). Molt(If the t,.,t'1 •• Oron CGlbkle)

b.'~J'1S tbI; <:ontIl'aIOUS plKIIIcnI, ..me.""''' I. dlJctll., the ollG)ollMIU,. n.
illpllllt ~d .•tl,-Ie Iroft Is I~. but "hlp' than that or.hlt. or l)rQYCGlt

•
t•• McII1«Jbt. east ''Oft It l;lIMl few-*tne madtJ. pcull.lUCh GIOKlu _

...-ltV •••. Iii' .,.. CMdlot h:wdew_.W_ we'~. mall_I. IrontIINldIto

•••• Iop 0 Wt1 britt! •• of e.1l0ii'..f •• Iron •

•.••• tlCWl'ldlt- -..veluM of _11 •• ,.1I'0Il b hm"; b.weh ••••••••l

b... PI coll.d-""tlc _I'-able bn". It a ",adatlon 1ft"p:-~••"'bv. but
..clh1M__ (t r bl a-pclltIon, an oppKlabi. o-ounl of ~lflIld oaboa can

•w davelOJ*i ttl1he toM of f*II'lI ••••• ,... •• MI.,twrico! C*bl •• dlftribuNd
•

t~ •••••••••SItd f*II'l1•• b 1M «-allllnt COIlItlluenl In tWs tn- or
.,IIDI.lron, ,•• ~ •••• IItk:_11_1. Iron- II.-d. Thlll.odl Uftoa genu-

olIM ,!ale ttlt of thl fact thor the IlrtIc;lurnof CQ;t~rn of fbt ••• chNd=l

•
.hi •• coat Iron••• 11•• 1. Jton and grQ)'cast 1I'>Ift,,d.plmdh~ on tn f'QfetI eoalinQ.

(3) Grox cat ITott which eontoIN <Aiboo in 1M fonaof graph'" II•••• Tht-1JQPbJ1e

1I ••••• ,w In0 .1lIr1::.:of ~I'her mi •• (a.al.' CIlldtoflMl). CI pMrll•• ClIld •••••



•
1llDkIt, up:lft ••• ct.dcoJ QPJXIl1tkm of t~ b'on. n.QIl«lt«' the codlon O'd $l11c:ao

ea'.II, 1M""" tbl JrDnand __ ~ltlc: It NndI to be. n.COIbon••uo1vt••••
• IDl*lfllra. Itoft!an •• r siitl to .-,~, •••~,~"'<"w"'''cn••" n. olllbuc In.opIIhh fora

"II calt.d he cMuta. n. rarIo of lIlCIlIbI-': L4f' to'" c&lbonQlWOfl;o&ctI

CI "elcldJIQpIJnolltaullar. t•••••. __ ." "'lonrtheha4 .Girat
,

CI*t lion•••• dri.k flw:luN .-Itlile ,.,. 1Mhe •••••••••

(4) DucrU.',.J Nadulor at Iroh h ~_ by additfon of _;nedI'MorxVor~""
" I ' ,j

n-;~'lO).fng.'-" caug theCllbon topNClpttat.~.t1n)'ball.fill .ph.ruof

,.,op&Ite wtrhJn IInrIdxothot h baIkt:Ilty pG'JltII, ••ltlo.t;h u••••I1, __ fMlhtend

•

•

fFfECfS Of CHEMICAL£LfM!NTS ON CASTilON~=~--~=~~.-- ~~----
•

Malt ~ CUlt bon CIStIngt _"" ••••n m. 2.10 _ 3.6CJlIo totel!

ClIibon. T&h <Mboi• .., ..tit ell he cobon .pYte.); • ~ cot.oa( "II.)

• foundIn rr.~ 01 I UIlI,andIn Ibt <0"_'",••n.__ IIou' .-.11•• Olin

elution 1n__ 1faa C1nd lit &11•• 11-.

cirap&ltk ",••bon. 10ft and hOt t¥adoo'lI, cmd In FZ1lren Isf~.

black flabs.

e-'iht 1.v-r hard and poll•••• lIltle 1iJcJ111ty.UmW~tn.

eondltlOt1lIt lIIlI1 k decoIlp»IId Into Iron end ead:on (grapM'.).



••. __ aI ••••• 11110dutloft. 'INs.,WIIIJ' 1l'Ct ••• fbas *vptly toGbeut

o.es ••_.,,,. A; IIDl.a.a1b1laqA1 14~ (app•••••• btf',135fff •••• :f"'v

on c"IS :IIIt1cln)and I• ..willy ~.. r.mt-. ""1 ••• ftod II rwtlld.

n. IlNctIQ•• ~CClIt '. dfqlaI" larvalyontt.Mlmlt Itan

d'lll,lbu'iaft of I" __ -'-- ef CGlboft. n. ."l'J' •••• " both GIl tt. '* I 7 'to

1ft._: e-.lCdanctGl'lI •• I'-,'lccr., n.••••and c!IIrrlbutlonfll,.._ ••••

,--."Id_tt.'1 ; Ol\n,t••. ...sotharr.:Icra~Io •••_ItJIV.FM._••.

andon tho..,. •• 'CClOIlftgflltf»1ItI'Ot ••• tfIo "1Wl~rb\. _.U.on"
CI ~nlllon 0I'JdOIl !hi •• C. of lilGCl.Ilont-.

•
$lUCON

• YeIJ''IMiotwt.1, ilia tbo MetClllutw of". hit. SIlicon p"o-- tho

.M i 'tIcI'GlthuXlllb,* •••bo••(ln..-ltlhlClftd ilBI•• II .'tt1")br.m,.
and ",uph1ta. 1m tbot cuetaJtJ tlO aJllocDvasaJly •••• 0 wffte (t I dtlo: ) he••.••

•
In_4 u.w.. IrantofI'It. tlllccn•••••• 110 I elalpF04Jc:tIon • ~ he

proctI--. •• tfn:lqJ.... lUll>¥OJiI:>sJlac. •• teIhi ..-d to •••• M : *hbt

•



o

b

hi",*, t1!1concont«Itt. SIliconrcrJt.'" .-teeth: t8laJ*obn a1IFt ••

An rnc.na.11I ',"CDR conJoInt '-~ flla """'"-" 01 c«boD ltI,hIo

astKtold appn:r.dmnI,-O.onL foI eoch J*CIl!f of aillCCft.

MANGANesE---
McJrw:IIl" In_II MOUDft43ft not heM., Clpfnc~l. dcr, lIIItm

g ,,,tJowwo.S It ~.Ithlillphn fltlontg IIIlNV"1111U1plI" n.

acfI. a tt.oddlxw. wen 010 pudffM'8nd tnctVlll dw fIuldJl)' ••• n;th. and
°

'••• " I of ban. If tM t*CMfOgIl 1t Inc:ru uSflRI•••IIlbJ,_ •••••• 17 J ,n.

1, •. 1111'3 ete ••• r••~t""of ~ Cilibonan6rapf6fy InCM 11••••••

of_lien.

SUl.,"",__ 0-
Sulptw occu:rtIara-Iy OJ«al' tl. tulpbldt. tmd nn',. tftlft lUijiJddl •

•••••.iftit* operatlngcaM1tla•.•, lUIphil' diMs""' •• to., •••.aful •• ~bOft
o

f1IO'I'tol'Illl~fI"ptoo.I6_0.UW.,,",",IMd va .b.,,11II'''' rna
°

IUf'fIcl.ntro....,..cMlI. 'ntht~llitWl(l.a: 4U •",1"""_0

••• ked"'*'llldtlgoctloAoo the e-tntll.ancl pfOnateichill. It P r;hIII tht b low

,to. 0' CGlIIbIr.d c«bon. whboCCONIfICIIllflrv." •• aM _ I , '.lran"'_
fluidity. with ,..,hont ilia 1IlOl•••

o

PIIO$ftlO1US

ttosphc:w", 11~1lCI1Ib1M fluidity of t•• ,. _101 ard , the _l~

".jAiaM.. Far rbl. 1«ltDlI ~ lISvpto J~It lIftId'bolh In _11 «Itt. GIld In



tt.:.1DwI..,IhIftIKf-. LatpCGltI.1foI1d haM'- Ft, IIXlIIcontenI"

- 'R, •• I fIuIdItJ t. thI •• It. ~o

,_ •••••••., lUfRcilnt ~ •• It 4'* d.

Tm: CAnON tQtIVALENr VALUe:---- ._---_.-n.. eG!thons c:onfaln •••• 0' ~1tueftt1. 11m """'11;. Of thl._In.
• •tt. cClftlPMltIvnscmd"-P_htNIS (It -bleb t1w various NCetklnl oc:cur. 1hII fbi

•

•
~llfyMt'9cbDut loS tawtl'012 ""cenl. 11'1tMP ll'lCllof2 ~n,of.t!Icon.

Again. In pn-. btIn-.::a'bo., Gl. o/:Ofttafnf"tl.~ ftIO'~. ftIOtelban 4.3I*c ••d 01

•••••bon.(.",. •••••I«f!c I~). ;rcpbltll groWol!1tllDo", frOIIIt1w•• 1tdurlrveGltlq

10 tM ,..~ of to1tdlfil;'Cltlon, bltna toen es u • on tt. surru. of thl lllefQl

Clf't•. ~ •• Tbtl~l,., 1cft7lmc,"khh' bY tt. fo;mdryl'l'lDlJ, atIM tloIlIIt.
•

• jiiCUG!klnfrom t1w _It of F.aC. and III "_11>:1 •••• ,,1 decompoal'IOI'l Into Ift)ft und

CUIbOil. n.CMOUnIof c(ld:ol:l •••• dl con be qlO"*' 1.11solution In lhI-JterI __ II

NCbced by ,. •• K.lloth of ,llkol'lOnd phospbwu;, while the I_I*C:- of

IOlkilflmJonof tile .,mctic -.y 0110'fG/)"0 To d8I&IIII,. .lwtr.r ll'oPlIIe.1Il

NjXllute _ molten~. It •• thus nee...., to apply u eorl1lcl1oftto tMCleMI

carbon COflNnt01_ h'oft. Tha ti:lrmJlo•• ",,*,011yl;Ited 10dtr.mtn. ••• 'eu,to••

equhoolMt" or the Iron h ,
1•••••••••••• ,.,. <C. '.) •

Toto! Carbon piiCMI1 + SlIIeoG.f'!''''!!1;!'! die~



,

.,... ••• """bc:wt..,holet of OIl!hit CiOI'lto1nt,. a.5 pae&l'lt ewbc:M.

1.5 ••• ItIIUconO'ld 1.5 J*I*If~ II 4.S J*'*t, "I. that Gi¥l'-

111111•• pA • kkh •••.•• tl)IkIJIkcI", Inn with _Neb 'hil efrec:t b fouad Cl1w.

I••• thallrq~ "-1/1 Indlro."'t ¥8 InchInJ~. l.wblc:h "* ~
•• b IorgIlnqlcrtion to •.••••• lQht - en.- liblJ" to clOd __ 'fAlow tt.

d hff,thC.E.vo".!. fat «lItlV;of 1/4 Inchand_1ft thlc~ C.L •••••

••.• 'Idbe bpt lilt •••• , ".6-

1M ftI10thln of tt. ••••••••••lYe!.' vo'- 10•.•• fhllclllJ'of .1. C$t ItoIt• ••• t.n ~ by e-. • \.lit. the co u1y ac:et 1Mtor-Iolor c:eab:owl ••• ha ••••
•

C.f. • J.C+(SI+Pl'3, 'I-. fluidIl7 of tq,., .••tcfle eat' lraIIIat faY! 1*.\uN

to k••n I lMtll, at ••• crIJIcalc.E. vol••• U ••~'11t1lU:.d It..-ol C.E.

val_ h,QOt...r1nIltlOtl6ctory w1le COlJ1d'rlqa fIu1dIty <mel tGIldlfkatklll. ' ••••••••.

tift, Cltld0'" ••• bontqd'fCliet vol. ~ on flgWlI1 (CEF)«lCi col<:uleted f..-
•

Ca-T.C."S~.•Pft ••••••••.•• fluIdItyvar_ ~I¥ .""CD •••1••

<OffJ'ONof.Wlar ~co:ll_iat"lCD'~tuNa. AlllRdol .•bdka'CEF

vol•• t1pro"'V"at tlmilar 1.&$'Cio!uN 1m.1M ••• f1l4dity. 1M eEl 'to"- .1-.
CEF yow-.ppilnom, upto 4.74 III ."pln,' .,... fit •••• , S.O In pi I , ••••••c

bn&.Iopactl~. hnI.lrbCB= V(I_~"1QCOI\bf,"*.tllfeclGl'llJ.



NOIAW. DUs:rs OF COMM!ICIAl CAST liON
<-

c.Itw.w.eIlGNuwall, ~ anoeckl.at; tbt,~, M:cll__ -.p
In the • lUfGcturl. FCII"gp Ja.f'lOt f*l:1J*" c:onttollad. Maltb1g. ,COIfI",. and 1011-

dlf'M:utioRof -.tol c:ompl'lrt GIIIn1IntJ"'- Of*QllclftF, "and F*f'1ICt~ b

lMpwlbt.; Ii InllI)i'upidrv thot COlli. ore omlclhldwith 81" 'tCriIlty-of

"';11 tt.t. ••••f'JUoin;fJ cI ott- fabrlcotllw.-thcds. .It b ~ to pa:dlJcel"

.suRFACE tMPDffCTlONS
•

Si,w,.... _ •••• ,..., •••. tClUQbOll'plbblll lid. ,•• ldIng

tIIndi,"QJIlli.~ 01. pow" lW4*Q'''oI tt.1Mta11oo Wgh. __ tllMs

jMIJMnltJeQof •••• 1be,- oad OIOIJIMi-llmdFIb IS4•••.1ovlpotAto, s..toc.

NClCtIcIAllOlllt"'C*de"~ ~~ •. plnIlo' ••• •

BUCKLES ANO SCAlS

T~cnd:llKtlwhleh. wt.p1I$lnt~ ••• IYG;pMItIn~ aorb:.

,ttl CClS'IlcVI-A Weld. II • Niletlwly ~ 0'f'.1appIng: of .tal; fhat if.. ClIOJ*

of -raJ ••••• 01_." CIJItI~PIlPW"'_lOJWeftllftdwhkhhDuh •••sJ

&.". ClOflI'ailFI=r. 8uck"and"CftalEk.loGF~ aoca. fbeenly

cliff•••••• ...., thrt __ en •.•••••1v.1y•• II. UlDall, 'bur "lIta ~ bot

copruroc.hwcrI. pial .,~ toorusUtF by I'CIdIlltIon froe ". rtslne 1'IIIta1.

•



1Mface.n- tfw ad Ioyen fhen•••• dl f il'Ito t'- _Id COI<III'7 CInd ••

IUiMtlodlllbyrlllng __ l. n..~ofNohQIDI" •••JnG.-;Ionol

too"''' +1IIITCGft. phl:loa."':C:.MR ••• 1'1thJc:o,.CXlllca.

III ' •••• Of'ttn~ •• facwp.' r 4'" byJMtlIf O:IuoIIy 1IOfo.,and dDlImllPJl'l

tho~ IkfJId.(liCJl"'Vaid'" Iodtl. and ••• .:If bepotiWaAsd by

UIkv __ wtlh blah ~ or low•• 1••• 100chi ••• IIft"" in:.d''',
or br ••••••••••• burr. aidI 01woodlbJr "JIId.1th ICDd;.••• -.ad flour

flarrw.Uld _ i.~ b -'ac» atd ...,. 10-.pmdwltt.t sIIMrtttt hID 1M
•

_Id. n.pooblna -r dbo bit _n!mihd b, rupld1J'mnag 'M maId•
•

Surf'ee.~ s.o.. ond ~ "'ots nEltM soWllQ..wtol too cold•
•

u..ally thns (.PJI r.aloM 0f:0lI' In aalinglwjlh reJat".'y1lgbt ,"'lonIwheni

two 1UfIbe. of no.Jl'IO Mtol •• ond do Illlt ,.. properl,; they ecm blt dktr-

OJbMd Il)' C:leanafiP8CRl~and lock 0' aand CII' 0'" ll7pn1ty to Gccount fGr ,...

It/tb:Ie finldt, 'a col ••d\otJ. tMDililbotlln IphnJ of _101 orAot..., ~

dtstlncl f1'QMthe COIling. n..,cW.cts can _111 be p ••••• lildbr UIIng ••••••
•

fIlMI"" •••• atulW fII by edina 1tNam11_1pNeI toQl ••• ...,. •••. flow. (Wa

in""""'Glr, dRdIr 0JId!!sine",,!!!!! .'UlUiCJ'lIy 'wad oft tt. COf*
turlVclllof *'1 •.•• fnftojipl4alr Is *O{IIII_ • .-ll, Inmnally oxtcIlud hotet

JUItbellslHh't_ co.-lUtface. Dn2u ond I10QIncl~••Old_ Ofothlr l'$QC••••

peWc:1. of tho •••• 1king CllIIttar rho .top ., be othIr iOl-'CIl1lc& ••• tt.
_ttlqJ~). Ta.., faJICGllwc- 'bJlmprapsrcontrotof(l}_I.lng



GDd~ (2);:'1.II~o,at(l)~,..-dpo::tb. to••••••"klv
oar"Inch" ~ ffoatt'-Iod'-t .,., _let botIkJ d~.fOi.

,JlINfqg,or"lOp _hoJ_~ '-:It._let be••• rcu••••••••

_lei t. 1 Jl4f'"''' n.t a..-.!ag0l' •••••••••• ,1edl.e.tIl""

and:•••.,.'nIott.runMrfjlle • the•.•••••.•;••••• If.ddt.

•• ia'- to..., orkIItIorDtat 11lOOdba. tt. flc:lWt.-..oI.Stllr:llll"

IInIl\;tt.,..- ••.••will idnIlII • ." I*IdMq to tAI.opotr •• forIIIdft-.

or .Ieg tack t~.6.lrlnQ,tt._u-nll~'Oji •••••• Ccnrul comroI or--'d
•• I 'lIlly •••• :0 _AI,.iCIi" ' •• of MlJrGJ't,"GQ" (or.Id .••• )

aid MlI.tt4pGI¥tMJI110" ~ •• ~1_1'"

~ 1f!O!!,'" mmet by tt. -..at WIIhJq,p:wtlca.,=-_."...
., ••_orlllDld.lI •• fMp"J' lar••• 11•••• lart, .;__ I,.ta_
~ cClldIb)and..,. t.4 d i .." Of'••••ltlaiid In clwt ••••••

••••• bs. ••• t.e.. .1 __ ot •• or ••• 'IOl1b1 •.••• 1DpIdby 1MMtal.

s.ldiepobdnlr.or IIecrt~Ol'llhe-.n,.oftMlIJIItltI cS; ,.., ••
•

_Idkv ~ po,. I•••• CP I I of tWI cW.ct.

!!!!s:TS IESUlTING ROM INC;.OMJlLEI'E fEEDING

r1 IsftCd••faIr •••••K~ tIIat....,.of 1tlI••.• pmolut dlfecsof

CGltItlQll~ll dhctly rn.tDtkffkat1on 1hrInbglt; oFtan thllllaraalt Idd

]1



In Rg. 1 •••••• typICld cWects cbtI to IhrInn;.. n. meat fI'l"Gl.w.". b

Ioealtud covltI. which eppeat at 1;JIlfedtot IJIOfIln ria cAiflilO •• W•••.•

fMdTng h vaal)' lnadlp', InlllmOl UNQUr&dnm 1.1JWCII1)'irlcllcoMdby __

••••••nol tm,.n.c:tlon: .1ther t. _11 pmctura or Uebaa by dishlnaot th.

.~ pCIlnt,or.ro.led~l.oppwi 01,heb.-of tt.rl.-, M

Inl•• "ol CMIiI*, or »IDeti"*,oa copa 1UffGc•• -." ••• wlnkaa- dthclt

••• Ibl. coll~,_ of droa ••• C:Opll1lII'fact$_ wrlnkl.clada.-
Imrutd. Oft•••••• 11'told1 whlch ~ to b. plnbolu •• rMlly CQIfJIdby

~t fudlng.' II ulldl,Kllsunac. ItIpIff •• t_. or dIp'"-.d .~ on c:»pe

andupperlUffoces.onJ~, It h wia tocotlIId«thrinltog. ase paelb"

CC1l.1S'.GrOllwin', centa~lineshrlnkap,GlIdllliaopoJOlltly _ inNiiKiI

IIIDnifestatiom of t:)lidifio:utlan .hrinkClgi. GralS sbrinkoQe i.0 loc:allDd covlty

rreJ,1 H~ely to'oce:t.n" in JlOloted •••••ionl -ealled bot .potl; I••• , tt. 1000nglons

of the ~QYitr 10II)lidify.e'.ntrilwll_ .hrln\cogll It Q IICIIIOlfI, ••• ar ., c:cntlllIJOlII

void_II., foundalotlQItt. centre 1m. of ~tJ'9 wIth •• '-,niv. platalb
•

~tlo~ Tha1hrl~ a:lGJ'oetul:llly1M In.aCOltIlnuouIli•• or.., ap;, I a.o

crfftdlng •

•
!«Iring. 1"""101 hot tia:'t ore radlolly dnPD'ld dltcantlnuTtl" 1nstde c:mtlnss~

i!OI1t eoIIlIDClmy .leil CCIIllliIQI.whIch"", he dlacloted mnoodesliuetfvely emly by

1OIlIogoph)'. T'" dtscontinultla !'Ilimbl•• :d"JIQI hot Nan, elle. that they ore
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FIG. I TYPICAL DEFECTS RESULTING FROM SHRINKAGE



AA
fOl9al ndbw than roatlll1 p:nIa.t (FJa.2). The Nan _~'~QI•• rn:- 0 1aw•••• 'Y

_. gMngtheloldJ,'il._ OCIl;rF1 ItbGf,'NiUJ•••••h &..-1 to~

any IorIIl ofw •••• bh C08tIac:11ona•• GIld to Wi.iId it. foul, by

•••••• to gIwe~ •.•IW. 1M curti for lutwuof hot t-...hpIav:ld "'9 ~

It tar.bl-foun:t.., dlffk:ubto,.. a IOtIftd'CGlttIlO trdalklllp'" alii••••

•••• •""'-OSI~~It

Vo5dIln a •• II",,*, tIl:llon •••• QOl.-d by ~ ~ voJdl.lth

•••••thwol1s_ gl!*cr\1ydue ~ P, .hil. G9!. ¥Okit,~ wlltI."*Ite

CIMIpotrvdlrlt Into veldt, aN wuell, ~ by 14 .f••.'t fMdltw. ~ _ In tt.

dllthlcf~ ".JXJt •...,.. lMdbotb •• CCII,elitand ,.tolllhrlnlc.aot.",' be regaldMi

wtthMpkIonwt.lkfCh ~ly IIcirJN«t. •
•£XTElNALHOT TWS, COLO ClACKS AND WAIlf'AGf

•

uocb. tit woOpcIgit ...,. -=elM'. n... •• tJ~It m. (1)llnuti •• loptdIn

It. CClItmgby '_feme:. of ,bI .ftIOld. ft;-aer, ab elf(Z),..~of thlmw par!I

fA'hl C'CIItIJigto...-I zilldroeb UpoIIlhins rJI_* -=-IIonI.ilIch coot CllOAI

.Iowly.flo-act 3d. &:*noJ.bot t«n en JaJu 1, h:lrgbl)" palUllM r- pl*O'17

••••••~ No.he vddld .,. bst .-II, .fi:lund by X"COp'.tMIgl_tfc p::tJIIdfIr, eM' ZYClto

""1ngl r... •• on.n dMpanden (.••••lit., •• ,••• tvpklle •.•• Ihi I, S*Il!vftl

01which ,•• o:atIno II ~Iy eli1!. TIlt OJP ••lie» of 011_,*"",I hoi tt« Oft

G~ fll. blhown tn Ag.2 - 20.
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FIG.2 APPEARANCE OF EXTERNAL AND INTERNAL HOT TEARS
ON RADIOGRAPHIC FU,~.



•

HOI tern

~J'.' " - - .', , '

I"~

'g"C' ":, ".' '-,'..- - " -
" -. -.,',' -,_. - -- - ,', ,_. ,
:: - - '-'." --,~

•

•

,.,
:';
"

-"
",,' ,

, ',:
',:':.::.-'','~,. _'c,

- .. --'-. ,.-"
Incorrecl

'" ',.
carrecl

•

•

!O' 1"'

FIG,3 HINDERED CONTRACTION IN SOLIDIFYING CASTINGS



I)

Cold Cf'Oeb ON•••••••••"••••akall« to.-not hot ••••• UIuo!ly0 cold

c:nx:kb cc.1tfmcul, r..jopd thon foot'*d. otld ron. In 1M'COldCOIIq-r-

'If J I 1"'1 IId-Ina cwIlq; QI'Mat h'lCttlfte.

War""""" II Mklllg&."1t c<Med by ",. II.t up by conditIoN of CGOIItIg.

I P •••• eIIIIF. ot ao1d _hI t.; •••~ doG tIOI'IlI'tOlMotI'f dltcontlrultles

&!C"blit It ••• ~ ",llh cold CfOCb one! hot ••••

•

•

•

•

•

•
•



AlLOYCAST IRONS

T.,. en ~ and •• varied popa, •••• e, popel ollo1ffc.._

• .". f1l ft. foI'-hl(J J'lopII1••••. "-.,,,0.-':. tMlII'- mwvh, .bIMlgthat
.,_'*' ••.~, cr " •••tllty, _~, cmdamvoftws. Alloy

~,JIIb ••col led lnaculantl COI* It. pphhl to wpllIQ,-1n lila, r tho, GI~

tt. htI hI;hw _llonleol pupil, •••• lb. hoculcmt farq rwclelt foriijDullon

«"'"wuFhl'- • It. e:att •• tol lOhd1n., NlUIIln; In nn. ond •• 11dtstrbl«l

"

Allor cOlt hn b COIltNn tho,QIlta1t11. ifHK'IOlI, addIIct.l. lJ1t, or

.11 Inll,In ••mca.nte.ountIo~o II' .leaaotilnc:atlClftfltlw ~I

cmdIIA••lcolpil •••• ,••• thtlronlllt•• _tlaaun6lw~ S1lkoa.

"lIP II, .,Iplunnd'" phlM. CI••••••ml., abtotMdn-RIW.meta' •• _
•

flCdCOQIlcIInd 0101101 oddIl1onI.

EffECTS OF AUOYiNG R,f.MENT5 •
•

llllo,Ing .'- 711_.tdMl to olIIt If'O/'lfor *04 I. III of ••.•• " tcol

Pot*' '_111' for --'oJ Int oI01pK1a1 e••••ccrerktkJ f:II;:hc. •• ble•••• to

earfaIlIDII. beGt ••••.• TM Gllo)t~.~ ••that ••• I.~I ••• " «I 'he.

SIrucfuN of tt. ..,..,1, "-Id be.ttt.d 10.•• 11 " CQIlt1nft 10ordIt' to IsPllIO'.

, •• 5lId.:ldIlltlOM to 11*11 "."CClIt koNare not KUl ~"''CfII.AddItIcn 01

allo)'l'V••••••" 'tm. Q betethel Ql'I~tbotkwt. ••••• I~ .'1$. II
.111oec:e._ ,opbl,tz"I_ .tJlI.othM .tIl NtGJdtNt ftONtOi.'!oa. n.control



of ~tlHtkln It••• of ,t.Iwj:oIQltl••••I •• for tt._ of ollo1fng.t""1lI

In COlt Iron. Tt... illCop,..nleke!. oiWllnltl.-, titanIuM, ••• AiII ••.•

td~. cll'OlalucrJand••• iMIu:al<n ~ 101"0"* IJ*IoI papa Is.

Ioe.tolno~

•

•

•

•

•
•

•

"
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PIG liON U$B)I

I. Otod.)

,. ••• lfGQdol dllcon

flwdWJlOUW t:I "Ilcon

,. •.•.•..••• i6a QIliI

- 2.6S (ber.. 0IIt1fla)

- 1.lW'A {~--bW

- O.mAo(beb. ~Inv)

• O.5IStd* catting)

•

fmo...w.oYS USBh

•

-
-
-

1.SS1l (bet",. castlllf)

1.1~(fJfm~ne)

O.69'l1L(bdn cosdng)

0._(••••"""")

••••Oin....,.of dllcon, mos•• '" Gnd ct.-tum blIfe-st, ,.....,.,.,.cmd

•

5. ~f

•

- $1 -6YfI.

- Fe-""
- Mo-_

- ro- """
- '" -.".- ro-""

GradIt, - ptlllroftu*tfomf!leMet.~. DejAiIMill'lt.

Grcdt2 - f'fghn-.d "" -m.n11Q1 ~".. OtIctO.



'_0 M10YSn.. h 0 eondd••• t. c...-. of ,aiii' •• ' ••• HIII. wolla)olqjJ

IIlefQb I'D,. Irart'llftd.-' pmdlC'Jon,. AI ••• It.volume of procUc:tlan 1&

•Cl'"••bid, tt. '-dI1IQ'" I .' " tt. '.'0 ollays_kIngi teo theGlbp of

WIng 11GIlddlteon. &.:haf tt.e. !l'.or110upI of .,,. i 11111111c.tQ1n

fauDdrycbarac•••• b tbati. 1_ Gf¥fnott- .,.ela! ~tton hIi)uud

thatP*Jb.laodbculllorld ,..01pJnc.lpleL he •••"hrrootlo1lcn

f.'o=CIIk;Qn, hmt-mot;: d1 • f.ro-,:h ••• , .re.
o

fWo-SlUCON

h ••o-lllkoa ClDatloy of IftlhetadSlitcoft.a' os en ollO}'fngel.-nt
o

to thI ••• ~t contaImd6S'l. 51. tt....,. btlnv lrun. If t1licon fa "-

In'" COlt•••• , all tt. cerb:lAb jli ". ~C. SUiconIna. the

,bltlWlI" tl/'Iron ~ 4ft••• ewt fraN, wMcheontoln C'I)lllldlHah" dlleon,.

••• of rt. H:I ce'btde dia:Ie'*' 11110110ftOftdeart:on ~ •• ). Iy ,.IQtIn;
o

o

eool&lg ••••.••• -ocmt tI diMoctal'b1 of t.c:enldit con •• ~11ed.Silicon

bo ~ ,; iont__ I Intt. .-tol_ ofgI'O)I'"on. SllicIln.. ,.., tt.

I Glllpadtlon"till COIIIbtMd_bon On ~11tlc: cmd~ _,tile) to

r.m•• and" ••••• Sltbft"., O»d tI'OPhItlztr.

.,



,,

oUO'1of kart «l6 4P • c:onJ01nl1v aa;p ••• uplo:ros. tM:,.,....Indw Wtrv

m.. M 'v .1 ,..,be P n.t In the carbidep..InFlYlronorflta1OCQW

01 V'" 1 .,1,hI.'ft MIOIlIkrte=bItwd Inclull,. t1nu;beut theMtGl.

~ o.a •••.•t*!t ••• ,..,1nd thaerkolly f. corablnatlon wttb tltlp!w

(whtchb ~ ••• ,he •• lpIaIr••.•• I •• ) 1&necu :" for .1r18=t~ the

fW().(:HlOME

F.N"'C<hWi!" h an alloy fAhtl an6clwoadu_ 0110umi fa 'hh-"
comalnlno 42'lIoQo, the bed_ betng hw\.. a.mllIlIl, h a powetful eGrbldl

b.-. I,.,.,I I It. cod>lMd mbcHl cmcIIntenJtfIa the eblllfrlQ f"lptrtl •• of
• •

CUltInm. When addi6 to C':IIrIron, c~ foras COIJIplexIron dnml\lm
•

carbl_ wWeh Oli' _ •• 1tIb1.1'han~C. ~ cf'II'oadlUll Itolll grtq:htt1n '-'

.-dJ1,.l'tat plofnCGltlr«l.

ct.omlum IrQ' .11nnQfb, •••.•• _. depth or chili. end tallfGnce to biot and

•••.• btll« ••• aac:blmblllty.For•••• 111~_n' Inmetmilcal

poperlles, o.U to 1.~ dneI_ 11WIldwith ~ _Ithout otblr olloylng



.'1 .•. to I1Iwtrul_ ~ e.haRrcla'lItkI 01 (,bt••••_IllddI~.

thllol1GwJ • .rr.t:1J OR0 ICIftfFflroa BJ'I 1Me.1~4.

:FWle..'19 of CJwarnJ",

0 ••• •••

0.' ••• •••

J ••• •••

S • • • •••

• • •• •••

TOto 30 •••
•

. S.-•
r:.rJte Gnd UlOIM ,,:~

tAurwrn..~,...nr. endflMI'.".,b.
fJM gofHr.. ,-U. arMI..-l1 c:arW.

'DhoPl'*QCu~01 pophI ••
•

••••••
Cfwl:lMtv. tl••hJlI~.fM'ltllllfditly CGlapa«l to IIJU1II:V""

on inc:;._1II' ••• _1117 1ntt.- ollop wNe.h •• ~ by ftIotootNDl!Beftt •

•

•
•
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tNVEmGATION Of A FM LOCALLYMM)E CASTINGS .• "'Ell
t6lil'6SltRlNS, !l1tili:i=mOOlM!.l~litVlICiI£l'io'Jllill"

,.., ....-pIal" hcwet.n ••••••••••the b:al founcthl '*out

t"~Ity d •••COlt Iron1'-1producII. At.w tat.tlgldbll taw.. r.llMft

••• "- tM IocoI'foutIdr* "Ell ,dkd~ft.,""'''''.Dorm 0IId

U7lpkffC res'", ' •••• , Do n.lt ••.•••••••.•• itlctt'-plltydthe

CGt ••• tt., puck C1I" "'" ,peS. AhwCGIflncJa •••••• 1n tt. Foon4y

,ShopofOlll' DwpDfIi_tf.T•••• had! p voiu.t ••• tabn;d s'ml-'7*

dcJN;OIIdtWrltNt:u.- •••• fao••• ;"...thl •• ca apl. It •• L ••.ad

fhl»tWr •• lit)'with •• ., r;.'tot••••.a_ popathl ••• w._ .
••••_tydt •• ~ 1ftt'-- fuuDtthl. NwanolyZlng"

.-ftln fA • "'-"t oetollofdt,In t'Iv Iron Wore and CIftw CllIIfI. tlIi fNf

••••••' 11~J.I.cQ1ul'.lt .•• u1 •.dtbatthe-mlWdlwbkhhad ••••.

~ In r. nttollmg'" diffal••" P'OPII',,-..s .INcNN_oI pi Iron ••• '-

'nqllllfttllJ. 50:01__ ••••• to 11'"":tMa.:MJtI 01"--.,.vloidlt,,
•

odd1ngdIrr..nt IlIIIo1fr9 ~ ••••••••• to c:.t hM 1ftIt. .,t.coodJtlon. n.

•••'- •••••f.~'~.__._IP., .•The,.ceulau-of g.., Mft••• ¥.IIII DlI

dI•• d CQIt ••••• .., contro1tblg the lIl'lt ", II. ,..,ttv. .IIC1T-'O ••••

ThMr P ••••• tt. and 1Jrul:"'* ••• studIed. n.otloptno •••• t ",.=eI. ,

'4



PfOPw,IMf:Iecat hD ••• founcIrehe ~ltd_ to thloddltlonol 1M.

allo'1kv .1 I IlloAccanIJnQ11, fJOOdquoll'r caP j:I'OlkIclJ.'" ,.Itfflg I'IsJ

1nn",""111 b be ~ClId.

!XPfJ1MENTS TO ENAANCfTKE fROl'BtnfS BYVAlYlHG THE<:OMPOSI1'IONS
~il.Att6YING!i!il!N ••bOONllCAlf''''ll

•• ..tIlI\1: pig hn, tt.CNdhr. rumoc.of -1clundr1 ahDp .•• .-do

n."'MICe WIll not In 0 GOod ."1tIJ,, CCIll4tbt. n.IInbv of the 1iM1•••••

__ by thetefnlctory brkb. t••• aMair .••••••• ~ 10 thin0 •• ,.

ofr and gat IlIIxMWWQIMOInlolMd ro res. tM I I 0M'a. ThI (I'OJIhI•• avdble

•• ptoc:edCItthe <:enu-.'* It. bnoeII. Cob 01~t ti••• put cnund ••,

• •

•
1IlI"•••••••".. T. qfA pf;.1ran •••• ICIbnlei ~b 1ndholcbll ~. MlCfD-

struetura oJCfP~"" studied wltbnt alloyoddItbII. Gra5H~flat. ••••

oball>'ed roobe poller 1ftn.ewt hn tim •••• In t. $i; lean "-..tfcb ".,

••• obtoINd~._tlng. Akal.~blgoto~oIrwfc. tM

.ftvetvNa 01 tbe 1IlI'<q:IiI"fh:lltea .••••• II .ad GIld ••• to be tNck and .bIoI-

'tt. ~.tructura_b.fWi.~Iing.CaatllJQl••••• t"'ledlntt..dI. I

fIIOlda.' ,I. tt. -'dI ,to tbl ••• .,w box. Ading 1'C4+ulViW'" vcrl!ad.

,



cmr. •••• In pGllffrvlWlJF*ature.

o.cblaat ••• taken10'" ~ 1ll••••••• _ldt:.ox.. n.
••••• "•• 011111••• 1ftpia •.•.• beliMGndoftar aII_ ••• .-tohwd. n.
'*e•••••• of IIflCOJIInpJa fran,W ••• -andaftw ~ •••• bod.M

2.65S(b •.•• )and 1.84-(an.)and 1.55'It(W:r..)Gnd 1.1i&(Gf__)

IWPIC''"''. t'- "'"0 1111clDa•• fcuKf tDDe 65'S 51. Altwpro,.. r...,...
I1lklonOddItJon 0 •• _I •.••• .o:s.. It •• of' d...cIitlat 1MgrapHr. ~

• •

•
IbtlGntflotint.ceItlnga;wI-..tdl llog.1M a ,"' undIfli

.-It i'CJlI('''''' ll.f;nGlldon. fIIddna. Gaaafdtlt ItcIbosGIld,. •.•r. •••• c' --

•
#1111•• A flIw cadIngI ••••••• fa I t with 'M adr:Sirbl fA ••••0 C b • n.
JllIR*tagII •••. vewIlId4WIdcI ••••••• of fIOPlII'lMt ••• It .~. n.~Iui •

••• ,c' -S,,*-alilllu plI.In tlil e:t*n.,...1It1c atauciuno •• th0"

t..,of. .'Ir.•••••. fcrIlII oxi gtq:HhIfIobt ••• 0_ •• I.etIII IhlI



A. fw c.I ••••.• p.. d wit!:.tt. ackItionol r.1O did 1•••

CIw•••• 'IIaI•• 1n tt.cwt tlQft•• ofllWUcdtloo. n. ",*,1 0 _til

c~ •••••.•••I•• ,.. 0."1'0 1.22'L Tt.*""Pl- ••• '"" "•••. 0
••• 00e,.. ••••.lltlclltfucluAwlth •••• IjjR4H•• flabJ wcathe,..,lt.CorbI _

__ ••••- •••••IC•••• _ ••••••••••••••••••and lMIb; ••he. I.~lhwIttiwe. found 10

•• Pll_1 .lit In IICICbA'UctUre ond •• eli II 0110 bwa••• d Iblm 1M previous
•

•

• •

•

•
•
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•

•

•
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•

•
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l£SUl,.TS AND DISCUSSlON$
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AESUlTSz

ADOmQNOf FiUO*5IUCON IN fiG liON

n.f•• o"'llikon UIMi••.•fbi, ...,..liNlt. contain .lIIcon" 6S'Io

Ahr eft hal anal,.&. •••••• ohlltcon h'l tile pta _ c..s

In d. explr1lMnll •••• Cocmd.lollolm

••••• C.lIfO • 2.65'5

NttIe:attIfIv • 1.1a
• •

So. _ of "'Icon ch. to e:e.t1tQ • 3t& (appoox. )

Totol pia IrDn tQl,:,enln-.::b h:flylcMIl oattitIO. lo.OOOF- (10'" )
•

NlIr ccmI'G.-wahllkonln IOkoot piaIron• 10,(OhG.0114. lNliiJIII

h-oSiOfIN,. tJll"fII the"'~ ttlpi; ho'UledWCII Cldr.tIdin .- •• lltn bath

to" tbe j' iAllf.~ GhllN:onuplo2.So :

total .rnCQl'l p. Min ,the _thin bath ~ 10 •. fill Iron

• (100 lli 0.65 + 1M) • (65 + t84)CIII' .249p • 2SOQlII(.w••••.)
•

Jllidoltuglo', at' tllkonecfllallyo 'foundof'•. ,....,51 alia, addIt ••• 011d ked cn:tJ,th

In the pie Iron .2 •• __ of2.$'IltlJk:oft.

~1'I.f! flOM.1SUNTIAl1I~.$",DACC"

14,,,,et.a1col~, •• au."" t:lllikorl. 1111"Nhn of

-&.ntlal ftilciKlI"UIIdIn ta.~tm.nt "** faufId01foils.,

I•• Withv"1.~

AI_CllIItlllIit • l.la

So, ••.• lIIcOD" toUiltkrg - 2S$ __ .)



Mw~ a!lIQtltIt c1alliconIn'O.of pig inm - 10.000_0.0116- 1160-

&ouah dUcon In the toni Qf NooSI uMd:to le:ia •• 1M t*centclp of .-Ikon

"PO 2.o:i'l' I

SlIfcoIor,po I tI" tt. costing - 116 F
« In 10,000 III' IIlDIIMI hft)

torattfllcon teq.lhd In the costing - 203 gil
(of.., addItIlm)

So, .Ukoft, to" dddld • ft1 QllI

tt.r.rore .•,...51 (ClOCtCIIImn,65S SI).requhd •••1i4..12 lJa

V_51,. •• l"cJvd~ the 25'Il>toea• 134.12 ,,1.25 • 161.54;m

-re••••dQgI c1"'kon QCtoerlly rQI.II'ld an..11to&I oddItloni. 1.76%
•

• •

•

•
•



ACDmON Of fEllo-Mo'NGo\NESE IN fiG IRON

Aht c'-'ieol. GflOl)'1bperunl9'. or ~ In1_ pigI~ UNd1111.

eJll*t.nr&...,. foundas.€ol •• :

•••• ..-1. • O.7n
AfM!' CCIItine •• 0. SI%

So, IoaGf •••••• '•••• IoCCllfI•• "Wi'(app'Ol'I.)

•

"

Mal+" 1 pumt oIterCOJii.
(In 10,000;.- .Ihln tron)

,. 5f1;m

'hr. _1'61,1 lid in •••• l;QS1lr9 • 1(1)F
(of. oddllion )

So, Mn to beoda.d In It._Iten both .""
TbtrefON,~~NlfIIrad '" 42/.7" 61)1IJl

F.-Mn ••• nd tneJ."dq It. 25% !QII ., 1.25l'I 60 •• 7S sp<

IT (mOl'" the ~ of UlllflgIIINIM .os'found to be O.9'l(, Il1IltlOd of 1•• Mn
•.Allor OM out'" 1M CI01tenCIllttai« 10,000 QICIn:m ~ \'Q •••

1hINf-.. Mn In''' g!AF• ...f.."-\n •• 40 '"0.7. 2Bgft

eon.w.ing d.. 2S'll1.
fl•••• , Mn..,lr •• 2S It 0-75 •• 21 fP



31

So. rotal MIt ••• Ina lIn~ In 9:.000 p_fllOIt*lo l:Gttt., mOll {M-t-21~ '111~

_l.23"'Mn

For1.5"'*' in t"~I:
" •• _ 01J*14 tbemolNnGcrtbof10,000"" I~. so em
Toto!Nm••••• It..t I" iha ~lflQ ciltc: a:.!ditlott "" \50:p

T~. Mntoba~ •• 9Igm

So, f. Mll(Cl:lIlltol~7lmMn)FClCph!:l.131.4Q1l1

fa It'" ~ ~ludble ,"hc25'f. '- • ( 1.25x131.4)•• -164.25p

N. c:'-ieol QllaIM, tb. F*'A'llfOije. J 1M Odftoctll)'found 10be 1.33111 It .'

•••••••
• •

extent. I,WQIC:~ tot. 8.000 IJl"
•

~ IatlOt_1:talhof ID.OJO GIJIlrvn(of•• <OOdItIoo) Mr. pruen'. 1~ p
•

fherafote. Mn twplf*i for 1,000 ;IlI1IlO1t-*l iron (eI!_ eddftlaft)- l~gIIl

Mn fo bll cdd«J '" (160~':ro).40 gm

So, h-oMn r.,lIted (contaIning 7DI!flMn) ••• 0/.1 .57.14 ••

Thql',J",r., Fe-Mn requll'lJdIncluding ,he 25'J' "*,, 57.14x I.~ .~7•• 72 e-
(CIFflIO •• )

Byancl1'b, the ,...,:."toge of Mnet:iulJl,ly flwncI to be I."



1M r.no t:~ I;lMd In the~'-tl 'COMIln 42'MI cb:omJum.

fat o.SS 0- In fbt pec»ctl

Gpo' Ct:pl'lllnt Inl00F r.<r

So. 50 "",of Cr pnIIMt In UP.eMF f...et
So._Ifthl;hn - (IIP.CMoo50 )-69.04p

FarO-SS Ct

•
So, faf69.04lJ11' InmCr..."hd- O.au ••
Again 0.345 "'" Cr II coall:IiM4 tn 0. 90 lP Fa<r

•
""""01_, totolfe-Cr,..hd In 10;0» •• Iron- (119.0tf.0.'90)- 119.'14 ••

-l20gra (oppcu.)

•

•
After0 _ oatlllgl. "'IIDI. _tol of IG,apM Nducl.t to.,. extwht

•

f« 0.75'5 Cr In _ pn:dtet ~

42 0- Ct pi 1'\1 Jft 100 IJlIIF...cr

tbIoeb., 154JlD0- "11111 Ia 17Q,SIII r.-Cr

So. fMICllahcllltln- (l7B.5-75)-laJ.S F

In 10,(1;10•• of 1roh,Cr ..,t..s (of.- oddItIon) Ii-,~)75 g:lI

So, 'In 1"03.5 "'" J~ ,..,trwd - 0.176 ••



~
Now:O.716p Ct CClIIMfndl.8F _2 •• (tIpp1I¥o)~

n.. ••"'•• IoIaI r.<.r •.••hd • (118.5+2 )- 110..5 QID

In ,t.ildlllnbothof diecruelb", tM ,."It~ ftI.oCr to •.•• 1M~w••C'

fIICr ffOIIIO.ft> 10o.75'A. (lso.5-120). 60.5 FI F..cr

nMinlore., Fe<r '*IJhd for 1,ODGpnQn • -42.35 ••

fAJI _ GdcIiId 060. 5 •• fa-<:r

n.••.4II•• .-et1*UQIo 81 dCr fuundoo(O.75. 60.5 )/42.35 • t.07"IlCt

Nt« c"-1col_\rdI tl» '*,*,1" t!Cr«MIl,- foundto •• 0.55"
fer 1.5Y.Cr Itl Ilia pi'Olb::t ,

42pnofCrp llln'tOOCJIII~

n.••.•••ISOljlllofCrP' nlloa51.14F...cr
(aft'Ir oddlt •.• ) ,.,.

$Q, '. '1nfftt hit • (3S7., ••.•.ISO)- 201.1'" ill' 'Iron
•

'1'1 10.emQfaof eronCt i i lrH (of!'Iradclillon)- ISO F •

So, tar 201.14 "" Iran. Cr .'*fIIrwd. 3. '0 QllI

"Tbnfora, 3.10 •• olCt contain_ 7.38 tJlD. 7•••.om h<r (qpprox.)

So. totolfe4 NqUhcS- (357.'4+7 •• )gIIl • 3M.54 fiIIl'h..cr

AA.r dwntcal GftIIIpIh •••• ~ of Cr 8l::tuollybnd or•• addition In tt.

pig nn. -1.01,.



for~ CrIn''' PQIb:t:

An.of_ ClGItlllgtlMmctI_-.1. to,OOOQlllfi kanndllC'ld~_

U*'ll tnquontU1ond ltWOlC\Wl-.d 10_7.0»811

Q •• III Cr P ••• In 11» •• FeooCr

So. 2Q) 8"l of C, ,. ,t In 416. t 91Jl111 r.cr
TJ.••••••,.,.inttv bn- (476.1HOO)- 274.19 ""

-lB, 10, OCD•• d Iron, Cr ftICJl1Nd (en. acldI•••• ) - 200 p•.
So, for %16.19 ••• _, Cr ,..,bdtDft-GddJt .•••) - 5.528'11

Now. 42 ". of C, P I It tn laD • ......cr
n.•••.5.S2ptJICt COlOla'. - 13.14•• feoCr

n••• , tcItotf...o tlqU'hd (aflWoddldan) - W6.19f13.1.t)- 489.33 ••

n..,.., It.' ••••• r.-ct-to rvfIe It., ,. •••••,. of Ct fnle 1.5 to ft, CI
• •

In 10.000 •• _ • (•• 33..a64.S4) - 124.79gm
•

So, tIw ecoct feooCr ~ ftr 7,000 •• I'ICl'lten &OIlI • f11.3S p

AfIwmolJlIi 1M1*<*'. om.alll fomd 1'0bt 1•.28 Cr



aocl(Wna. HARDNESSOf CASTItON ASFOUND IN.r SCALf

(!.oDdto) Ira, bott dla 1/16" )

ltaldi I d CCIIt &on
ScaJJpleNo. AiIilllOh on",

••••••-
•••••

I. '!do

••••_. • -•••••
2. •••••

51do

-
fl.0

94.1

91.'

92.'

95.0

95.8

-----------_._-----
• • A'.'9 HN- 94.26

KAlDNESS WITH fBRo-SILICON ADDlnoNS
.lifi2~ -

Ibd •••

••••
••••
6••••----

•

,.

2.

-- ..R••.•••••
••••••e.-
'!do

••••
Cerm 87.2.

,w. SP•.O

______ ,!do ... ~~, _
,~HN -88.95

•



'SAMI'LES fROM £SSfNJlAL fIlODUl:TS

with 1.76%11

-- " -PoitffilqeJ tbl ---
Sample No. .....,.••

Coo•• 15.0

1. '!do 8-.0

•••• &'1.0
•- ---- ---

eo- •••0

2. •••• ...0

"" ".0

- - -
• • A •••• HN •• 84.010

•
•

•



Ib.s-5aIIpI. No.-

twtDNESS WITHfBlOoMANGANESf ADDD'IONs

WIth0.'" Mn

,,"1;"''' ,bi$alUpl'
87.0

1. ••. s

••••
Centre 87.0

2. ~,. • 85.'•••••

••••• 85.0

• AviWp AN - 65:6

Wilh 1.05'11 Mn

• • i@tlO" or ,h.Sampl. NIl. •••••• 'weir ID
•

C Iii' • 83

1. • "do ••
"" ••-------------- -------------

2. ~..
Stde

S3

••
••-------------- --------



----
I.

2.

t.

t.

With 1.3ftoMti

iIOiilon ofiIiO
~Io -' .-
Clnn "'.•
51" ••••
"'" ••••e.- ••••...,. ••••,,., ••••• .85.0

fW- e HN- 16.3

With 1.7'A Mn

KilitJOii OJ ;&
••••• 10 'lbot;1Ii•
Conh'o •••••
"do • ••••

• - ••••
',- -,

ell r,. ••••
SId. ••••
S1do ••••,-
Ava 5 UN. SS.2



HARDNESS WlTH f:atlO-CHROME ADDITIONS
"..

---
1.

Vl"ifh Q.31t> e;,
. POIillion dll.-

- SroImpI. ._. '--

Con,,.

"..
S•••

.•.-
76.0

7'"
79.S---------_ .._-------- ---

----. - -------
2.

-- •

•
78.S

1B.S

79••

•
WIlh 0.55% Ct

PliIiilOii':oI !tIt ' ----- ---•
$amp~No. S-p!. •••••••- .- -' '- -

• Con•• ••••
I. S'" 85••

"" ••••-- -
C••••• ••••

2. Side ••••
".. 85••
.- .-k_. HN. 8$

•



Wltkl.011lCr

-,"No. - fiOitiiofl0' ,L;
••••••• ••••••••. - -
<:ontN 89.0'1'

I. •••• ••••
Sdo 95.5

-
Con••• B9.0

2- "do •••S
• •••••

"do 95.5

.A•• \11 HN • f4

Whbl.~Cr

Scwpt. f'.b: lOIItlOn Of t&
_b!pIe

•
<:ontN ".S•

1. • •••• VI.S

••••• .7.3_. -- -e-. ••••
2. Sdo VI.'

Sid. ••••
~ttN -'11.2

\0

•



115 41,"

•

•

•
0

"-, 95•
•••0
"•0• 90

80

.,

I
0.0 0.1

I
02

I
0.3 0.4 0.5

I
0.6 0.7

I
0.8 0.9

I
1.0 1.1

I
12

% ~Cr ",\ :~.'I

FIG.4 ROCKWELL HARDNESS CURVE WITH F~ - cr ADDITIONS ••
•
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DtSCUSSIONS

Oefkhnc, of~lfCltd.1 •• d •• CJ1'r, 1MlocallyevaI~'- ~

Itoft. Nt..oof It. "'0 1 If F9tfClCllP'Df*''' _lMI1iclbt.. It •• eta"'"
af-. ••• ...,.. !IOIworb ,tot thI UIlIOIphraIcol and ot'- pn;lf*t_ CQUld

J:. Ina•• ~by 0""" 0 IblNd ~ty of _taIlo1d1 and alloylrQ .t~

Sound Obtbl; .my ttm!le j!IOIttble.

Tht cb•••• cw1GS'lO':71b stlond tflat the ••• r:I A'lMGlw. •• bt:Iw"

151025'. Ir ••• .cutied that thloloa 01(fl~ .1._:1, wasCDtld~1y

lsa- wMn f-m..mto,s •• " -od$d In 'M c:rut:llbte.,TJ. _n IIIfs1tt N thcrt
•

_.-by of •• ",I 10tt. CNClbt._ MtwffldPt and h',T" t.t.d ..;,;jc ,~,
dJrIelg the otIdItbt of f.-ro l'I. and t&It1II'1II ~ ~ N : i ••It;1efor ~ .~. j,,:.1
~ ~'datlonofthe«I!c.ylna o~ In t&. "'''ndIbfhlOf-P-ln I'ht

", .
CfUCtbl•• Due tOo th1I •. enS". '* of It. 01107•••• I-.nts 05 \MIt •••••• IWdt.

-totloldl andal~.t uttl••.• ~ lncIudInIIt.piobabt.lolld.trtrv

c:W1ng.Thl"41Ic:JPw.'111 ' •••• F-"SI, F. k1aand~ •

It It -.et ItttM lao II c:uro-. •••••• InRg.s,4that I••• 1. of cc lruo,

I•••••• 111'-" tott.1aef,. In ~ of COl rntl•• In tMItI'ul:IUM til c:lIIt bo

,,

, ,f



•

•

•

.,.._ .a.et In c:dlUIUrv fbi .1nIc•••••of edit hn. Wbea the PM1rv

tMi*olW. washlah, It .••••• thIIttt. c.rq WCII""". n. •• 101_

et .11we to be ,_ fUld at 0 Ic.Iw ~ .-pIfDhll'tI. Gra):HtIaltJon ••••

uffeea.d •• to 1M 4JfFweno In ~ •••. flIl'-o aol1wn 1Mt01. A ••••

of c:IIItI9 ••• IncIudMl 1ftCJIlnQIe fIOIdbox. 0.. to thlt'M me-of

cooftnoof••' 1•• ~InQt •••• b;. th!n that ob!alnMtwlth1.0lW

which •• pllnd •• 1Jw. T. G'fOIdtbIt 'WClIialbtol I. '1*"'_.",,0' •
.tlf bout ••• .-d farwpaute CQltInglInIt. low ~ .,

tliII_dlod, IfvfdllNiof ••• calf•••• rouIId 10be ••••• In..,., OM.

h 1I1h:iu{f<'tt.t ahw at., addition tf.aoftlln Mtcll 6:md not be Wd

In It. fumoc:e for 0 iOll(III't•••• tf the boIdlng tt- b lcarvw, 1MfI1" loa

•• boxldlrtlGnb, CIIONwblchtl.m.OOI ••••• "' ••••. -...,. So paurlrv

of 1M ~hen Mtalln tbu'Old _ cbauldbe ••••• cltl)'COlIJlQllibt.

aflw It. alloy ClIlIdItJon. AI.,. GdOIIIoDCGl'Ibe ••• ~,_ b, ~l'IO tM

CNdb" ••• OfoutIWI I'" r"n•••. n.1I1og •••. 1dbe teao." b•••••••••

••••••••
•• orOtnarr F¥ c=-t Iftm fbi 'lit of 11 'I' •.lie II rDt "WI MUCh

~=IZ1CllJCM_ to t.dIIIoclati8no' 0 'llu'''CInd I _"I_1ft. tM ults.ot.

pDSlCh:oI""'te •• "",*,_. In tbI_ of eaat Irona:mtGbdngdlo.'.,

ttw j I I lIlfII.gm,tlabIhad •• _Ipo •• tOrdiillllbt<tJ _.tlc c.t Iron,

whIch"mr get II. :Irnd~ et ~ bete. 'M__ crIthal lIM

•

•



•

dw,•• I_« ott. e11a,tftg .' ,I• .tDwa rt. COl P'CUDUI p ~. fI

led • -t•••fIo,IlJ.Cono FOd CII"'IlIIIftt" ••••••••••••••• 1&Dl .011)0

•• •••••••• twclle era! Iiraft.

am Ironghot'1l an •• ttl tt.•••and qucarltlp ef" .' be In fba 1£*' , h
" .s-... ' .t..1t:hk1wtth S "lta1lOlutbr, IIWY*lI rt. i1hocf\ll.of

,...lIte end.,..te IJabI, n.•• af .he sra;Nte ,... 1ftWIdM•~Ole
•

flDlhtCllladtltbe.k:YlU' \Ii 'a.~____ _ • ~ __ F. __ ' _

". _ ,••iiIl!"_~"",_O.

" "

• Proa th. tftDnilo toet of the opecimonn the following data
wl!!fKobto.inod.

TUfSILE STR.UIGTH :roB. CJ..3l' lROB .AS J'OUfiDr

Aver.I'lax.Load
in Lbe.

"ax.Tensile Strength
in fonG/59.in. _

I

•

I
i
I
I

Coat ironr
With 2• .!l!' 81

It 1.'7%8i
" O.~!fn
n 1.0?;i J1n
•• 1.~ 1'tn
•• O.~Or
•• 0.5~ Or
•• 1.01~Or
n 1,22:$ Or

•

12.00
8.66
10.50
9.40
10,1010,91
8.20
8.50
10.67
11.82

•
I D1n-ctera(7/16+5/128)
• . .(0.43'7+.0395)
I -0.4765 inch•
: Areo- "trr?/4
• • 0.1'78236 Sq.in.
•

\ .. ,



I'

,,

Observations ot the micro-structures 2nd the pbJrs1eal
prG~0rties such as tensile atrength and h~esG, clear~ Show
that with a little compositional control, a significant ~rove-

• ment o! oaot iron products can bfl obtainod.

Industries in Bangladeshdealing with cnst iron p:t'Oducta
IlIQ'"there.t'ore b. ure;cd to give SOl!lEl8orioUIJ consider.:tion
reGardins this matter.

Bello .•••_up research work on this line witb other a:1.m11sr
alloy additions .ror further improvemontor 10001l;y available ca.st
iron m«Y thus be suggested.

• •

•

•
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