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SYMOPSIS

With tha growth of industrles in Booglacesh tha decnnd of high duty
cast bran I bncraceing day by day, Cost dron locoity ovaildble Is of inferiar quality
and does no? eatisfy the requinmment wanted by the industry concemn. None of the
loea! foundriss mainicine amy chamico! or physical Iubnru-ruﬂ;: o chack op tha

Vithes of thelr praducts. s a result, ” irlumi product
. LA r -
q.'u v \-.._d...a—-"'r

Some loca! caxt Iron weee physicoily ond chemlcally teted, By varying
the compositions speclolly the metoiioids, it wos found thot the good cuailly coyt
lron can be produced. Tivwes ala Found that by addlng olloylag eisments the
physicol properties of cont lron con be entonced and woy be rade witbie for the

requiremants of differen indusities concemed. -

v



C.E

C.EF.

T.c -

GLOSSARY OF SYMBOLS

Uppar crlticol tronefarmation tempengture lirs
Caton

Cabon Eguivelent valkee

Carbon Ekpivalent valus bawd on Fluidty
Cheomdurs '
Farra-Chroms
tron Carblde
Ferro-Manganese
Feren~5Slicon

Froaphonm

Sl phvor
Hlicon

" Tata) Carbon
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INTRQRUCTION
There ore & good ounber of local toundries whe ore prodocing cam

tron. Due o the lock of definfte specificatiom of componition and physicei
properties the quality of the caxtings b vwry Inferiar. Nooe of fhe foundriss
producieg cest ko Is uaing any allaying siements. Recently high duty cost bron,
uﬂ:l.nﬂhm.mdh:ﬂhhmmdgmﬂ!ypﬁ:‘dmdmdlnm
camtries. The cim of this project 1 10 1 o¥ioying elewacts ks the Form of fam-
sllicon, ferrp-mangamsy, fero-chroms eic. In order o populorizs te wee of Wigh
qnthrmhmmﬂmmmp}'ﬂwimdmlﬂpm.
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LITERATURE REVIEW
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CAST {RON T e

Most awrat products originate from costinge. Coating e snenticily o
ramaiting prooew, accomplished In @ fumaca aspecially desigred for the quality
and type of amia! o be o,

Cont Jeon Is @ gucersl ters opplied lo o wide rosge of iron-carbon=
ofilcan elfoys in combinotion with smaller percentages of -v-:nl other alementi,
I £3 an lron conteining so ouch oarbon, er Ity aguivateat, thal 1s not -TIHI..
The corbon content ls usudlly betewsn 2.0 fo 4.0%. Quite sbvicaly, ron
hee a wide range of proparthas, ﬂm—ilmmﬁahﬂlﬂln
alemyniy may couss contldesable change., Cast imn should il be om
o meto! contalning o dag'e stemant, but rofwr c» one with ot least six elemanns
hlucppdt_lun. All ot lrore contain trom, corbon, slilcon, mangimee,
phospbomss rond ! plur, The siiicon content I3 0. 70 hi.ﬂ,_m from
0.50 o 1.00%, phospherve o O, I7 to 0, 60% and wmiphur from 0,02 10 0. 10%.
CLASSIFICATIONS

Thers are fow mojor kinds of cmt fron, Thees are

{1} ¥hite cent bron
{21} Mo!leckis cost L
(3) Geoy cagt Inom
ond (4} Ductile or Nodu'or con? lron
{1} White cast irom Is 50 colled becwuse the fracture b @ light colour, Whils oost

kron hes 0o frae graghite; oll of s corbon ts combined os cowantite or o purilte -



o laminoted grectore of comsntlia and farriteBecoues Tt hos no fres corbon, white
cont ron b hord, brittle, weor reslstent, non-sochinoble, and Improcticnt o weld

(2) Maflesbls cant bron is mode by baciing whire cout bron fer o kng time betow

the critfcal tmparotora (1700PF for 50 hourt). Most of the cemsatite (iron corbkie)
thea decompess, laoving a aveiure of faite and aodules of graphlie. Ferdle
becomes the certtimuous phose and, since fuvite Is docilie, the ollay ta doetis. The
impoct streogth of matlecble ron b iow. bot higher than that of white or gray casr
iron. Mollecble coxt iron s vead for ui:trq maching parts wch os axles and
s%harirg geor tiokoges, cnd for hardware. When we'ded, motlecbis iron tends
derslop & very briitle lq-ur of carbon-fres tron,

The normol baws swecture of maitecble iron b farrte; For which ris metol
s onefimes colled "ferriHic mo!lpoble lnan®. By o voriation ie the processing, but
with the samy chamicn! compoltion, an apprecioble amount af combined carbon am
b developed tn the fona of pacrlite, murtensite, and apherica! carbidas disributed
thronsgh the ﬁn-lh. Slncs puwiite by the dominant comtitvent [n Yhls type of
matlechly kron, the ro "pearlitic matleablis fron™ b veed. This leads w lo o genar-
oflred stareaent of the fact thot the sirociure of cost frons of the e chasdcot
conpaltkn may vary greatly, A epecifie corbon~lron-iiicon alloy can be either
white cost iron, walleshis kot ond gray cast iran, depending on the rate of couting.

(3) Groy cost fron which contolns corbon in ihe farm of gropbite fickes, The grophire

Is ambedded in o motrix of wither ferrite {weokest ond ;fies!}, or peoriite ond ketrim



alund {inmreediase stremgth) or peorflie (srongest). The aoture of the eoirix depends
motnly upon e chamical compotithan of the iron. The greater the carton ond siflcan
contert, the mfier the fron end acre graphiiic #t tends to be. The crrbon trwiutlen,
@ o puiire, & ohes refwred 1o 08 comblned corbon, The cmton In graphitic fone
1 cailed éres covbon, Tha ratie of combined carbon to fee awbon gmatly offects
sacharical proparties of the allay. The lower the reilo, the fower the bordoas. Gruy
nmkmhnin:dhiﬁm:mimuﬁuﬂuﬁ-m

@) matQ.J Modler coxt lran b produped by oddition of eegresium ond/or cerlem.
“—gﬂo;m alemeniy covsa the corbon o precipitate o'tiny batls ar spheres of
graphite within @ et that Is bastec!ly peariite, although uwally sons ferite and
acvos Frae comentity ore also present, Thews higher priced rore poses higher rulle
stremgth and greater duetiilty thon the plaln grey cast from. Th.; alw have exceilem
nl:l:h!n;blflirr: shock rmistones, tharma! sheck reyistonce, ond righdity.

EFFECTS OF CHEMICAL ELEMENTS ON CAST HON

hu_lu! cont bron cagtings ondoln frem 2. 70 1o 3. 60% tofa!
carbon, This carbon mey exis! as free carbon (graphle): oa combined corbos{cementiie)
as found 1n free masive commntlie, and In the cetsntie lomslios of peerilte; or in
ulullmllnnnimhnmdhmﬂn.

Graphitlc corbon b 3oft and not tenaclous, and 1n gray ron b found o8
block Fakes. |

Comentire Is vary hard and posaerss 18110 ducHilty. Under corfain
conditions 1t moy be decomposed into iron end carbon {graphlta).



Mub—:ﬂrl;:i tampacctyres Iron con old only o few hndedile of «
pacent of carbon In mslution. This hbillly Incresss rother sirupily to abeut
0.85% or lowar the A, womsiormation rerperature {gpprovimataly 1350°F, depanding
oy comprulfion) and the wolubliity Increows forthar as the tesparetons s relsed,

The struensre of @ glven cast lran dapench largaly on the onount, stos ond
distributien of the verious forme of covton. The smoont depaords both on The percantage
in the chorged matol and on the exlting pocess. The size ond dewribution of e verlow
fowme depind on the temparotors, tle and other focion involved I the meiting process,
o the v of cooling of he metal from the molten condifien, os wall o on the
compaliton ond oo the pressca of inocuierts,

Stucon '

Secouss of thm relafion betwesn the cavbon end sflleun contents, dilcon s
o vary laporrot alemen? in the metathagy of groy bon, Sllkcon prosates the
decompaition of the cowbined corbon {lo pearififc ond manive comentite} & farrlte
and grapkita. fraos thet contuls mo aittoon visolly kove o white {camentiNs ) fectors.
hmuﬂr;h-n:nw. sflcon mokes commercial production of grey tron
procticdbte. Fer strong leers, [ust ancugh Alllcon shaoid be med t emsrs decompotiion
of ol memive comectite, bot not somsgh to corm decospesliion of e camentDie In the
paxitie, Excamive decompostiion of e parrilie io groptdie and farim, glves & wech,
sofy metcl,

$llleon cle reducm the crbon content of the wolectic by aboet 0.30% for
aoch parcent of slilean. This e that bigheellicon plg krors are often lower in
carbon thon lower-silicon brors. 1t I emtier to producs low-covbon cupelo metal with



highe diicon contents. $Tllcon relas the eutectio temparotare alightly.

An {ncrease o siloon content lowers the pevcenioge of caton in the
sutsctold appraxinstely 0. 07% for soch pevesst of silicon.
MANGANESE

Mongoness In el epunts dows mot hove oo opgreciabie sffect, but In
omcxm s over (L, 57 it combiom with siphe o fom a mcngdosse siphids. The
wixiure hos @ low specifle gravity and is alinincred from the metel with the slog. It
uuhnnhnﬂﬂwuvdlnumiﬂ-.udlmhm!diry, sirangth, ond
tewdrwn of tron. I ihe percentage s Increcssd apereciobly orer rhe vsuel osconts,
It will prowote the fareetion of conbloed corbon ond rapldly Incracss the lordnems
of the lma,

s

Solphur gecyn kargely o1 ceongenes wipghlds, ond rorely o iron sulhlde.
Under ropw opsroting conditions, sulphur doss tot e fo exert hormfu! effects on
gray lron In coounls upto 0. 16 or 0.16%, n’mldldm Is praseyt I cpunty
sATlciont to prevent chlll. In the obsence of enough monganess, wiphs by a
maried stobiflzlng ocMon an the camentine and promotes chill. It proscbes the foreo-
thon of combined corbon, with cceompanying hewdnes, and couses the ron ko lom
fuidity, with renstions blow=holes.

Fhosphorus increcsin the fivldlly of the moln mett and iowens the me!fiag
terzparahre. For this recoon phosphores vpto 1% s veed both In small contings and In



rhase hoving thin aecfions. Lorge costings should hove low plaphans content alnce
odditiono! fluldity in fhw von Is not reggsieed,

Fuspbons olag forms o commtihent fnows & “ecdits®, e alchas of
‘ron and phorghide, which b hard, brinle, ond of rather low melting polnt, Steadite
appecen 0 & tight, sivuctireies ored under the sleroscops bt ey appesr e o
ratwork if aofficlent phosphons B presny.
THE CARBON FQUIVALENT YALUE

Thm!hurumfﬂlnmlt.ﬂcumlm Tho presence of thess modifles
the compmirions ond temperatures at which the varics recctlors ocour. Thus rhe
ol sokbillty of corbon tn oo Is affecred by the prasence of slifcon, the tinfilng
whublity belng cbout 1.5 lnstend of 2 prreant, in the masance of 2 parcant of slileon,
Agoin, In pure lron=torbon ailoys contmining, whon moiten, mone than 4,3 pertent of
carbon {ypac-eutectic frem), grophite groduni'y teporotes from e mefi during conling
to the remperoture of miidificotion, baing oen a1 o layer on the arfece of the meial
ofter tapping. This grophite, known o "kixh' by the foundrymon, erles From the
seperation from I‘i- walt of F.ﬁc" and 1ty sty Iimeoys decompaltion Inre fron ond
cerbon, The omount of carkon which con be retalned 1n miotion In the molten staw s
redyced by the pravence Both of silleon ond phosphorus; whites the emperoture of
wiidiflestion of the sutectic sy a'o vary, To detenwine whether gropbile it
ssporate from moitan bron, [ 1 thus necenory to opply a carrection to the actual
cerbon content of the jron, Tha forela mast generally used to determine the carben
equivolant® of the fron b ¢

Carbon Equivalent (C.E.} =
Tota! Corion percant + ﬂ'hﬂmg Phwephoros pevosat




Ths the corban equivelent of an lngn contofolng 3. 5 parcant carbon,
1.5 parceot slilcon and 1.5 percent ghosphorus 13 4. 5 percant, showlag thor grophite
wiil ssporate s klth bafore solldificorion, brors with which this effect b fovnd give
rie to wedk ond porecy costings. §f shoaid be nated, howevar, that ilgh otlngs —
I.e. thow ronging from 1/9 (nch to about 3/8 Inch In thickoes, 1n which s surfoce
orea 13 horge I relation to the weight <= crw more {kaly 1o crock wham of low don
of bigh C. E. valuer. For cantlage of 1/4 Inch and lmss in thicknen, C.E valum
#nuld by kapt ot or chout 4.4,

ﬂnmurlnnulrl-cuhn;qéh-!ntwlnhthnuldlryufmlmmhn
b bean stuciad by Evané’, Using the comsualy occapted Forulo for carbon eqivaledt,
C.E = 1.C+ (S}, the fuidity of hypo~astectic cost kone at axy temperature
incraases with cxbon squivalent, Whme tha C. E. vohoe is excesded, Fuidity continuse
e Increxe untll, ot some crifical €. £, valoe, 1t b ropidly reduced. The owal C.E.
volue is oo entlely sotlsfaciory when considaring Mukifty and  soltdificotion semparo~
ke, cad o ew carbon aquivalent vaiue bosx! on fiokdity (CEF) and calialmed from
the formula ¢

CEfaY, C.45)/3 + P/2 win evolved. Floldity varlas directly with CEF volums
of o of slallor phosphrus conterts o) dallor temparatures. All rars of simllar CEF
value uplo 4.74 of sinller leeperciure hove the e Fluldity, The CEF voloe of Troms
showing the e flvidily at oqy lenpergiure rarles with phosphoras confant. The
CEF vo'lue upplies only upta 4,74 [n ivw~phosphons toms er cbout 5.0 In phosphorte
irom. I procilcs, treme with CEF valuvee upto 4. 70 con be vsed mtifectarliy,



NORMAL DEFECTS OF COMMERCIAL CAST IROM

Conting defecs o ymally not an accldent; ey ocour becoae scoe sep
in the menfochring procims is rot properly condrolled. Malting, coating, and wli=
SHicaion of awial comprise aany Intricote operciiom, and parfect control Is
Imponible; It I not saprising that carings ove affilated with o greoter varlety of
defects than the products of otter fobricating esthads. 1t Is important o producen,
daalgnan, corsumerns, ok angimears that such dafects a3 do accur In caatings te
racegnized ond thelr artgln ond asntrol be properly vadenstoad.

SURFACE IMPERFECTIONS '

Surfaces of caxtings are somathaes raugh or pelbly beccues the molding

nd T3 ‘oo cooiwe, o the pooring tecperatrs of the meint oo high. Soomilees

pensiraiten of cwial batwesn and oround eond grotre s @ serkws problem, Suofoce
reactions wnmeitmey covie svb-surfoce moslsity or pinkales.
BUCKLES AND SCARS

Thess are defects which, when prasent, usolly appest in cope nrfoces
of costings. A buckle Is & ralatively axisnalva ovarlopping of mam!; thet I, o loyer
of mety s sepavoted from the costing praper by e loper of sand which hos sharsd
Fom the cope anfocs. Buckles and scabe are allke In appecroncs, the only
difference baing that scabe are relotively seoll. Usooily thass defecis o coused by
o axfoom becoming preleeted oo rupldly by radlation from the rhing metal,
Tha notr-unlions expomsion of sond oF and leeediotely Eshisd the cope anrfocs, covsad
by rapld pralaoiing, mmm-uﬁiyhm to sheor layars of smd From the cope



sorface. Thees dheared loyers then exiended into the mold exvlty and ere
wrounded by rising maml. The developmest of high goa premes in o reghon of
hnh;-@ll!umdupﬂwh-ﬂmlnﬂ-mpmduﬂ
scthbing, Often cops mrfaces prelwoied by metal actvally wiio sond dowmn upon
the riing liquid, couing sond spots. Sockies ond scebs moy be pravented by

waleg sonds with high hot=piasticlty or fow axponslon chomeiaristics, 1fke chasotte,
or by wing an exporelon buffer asch o wood Tloxw mined wirh sond; e wood ficur
borrs ond leavan spacs far svfoce sond grolne b sspand without shearing From the
mold, prubhnqulnh-lnlmi;-;!byrupldiy nm.zg rhe mald,

Sorfoce Lo, Secus, and cold thots remlt from pouring metol e sold,
Usally thess tmparfections nocasr in coatings with rakativaly fight sectians whaes
two sorfoces of Fowing meto! omst ond do ot fee praperly; they con be dlstin-
guished by élean appeorance and lock of sand or ather imprity to cecowrt for poor
wriocs finkh, fo eold shats, small shotlike sphare of eela! ors ofacet eomplarely
distinct from the costing, Theds defects con vsuclly be prevented by ualng higher
poying Nn;-uh.m- or by asing mﬂnﬂlw to glve snother flow, o o
combinotion of these axpadianis,

Entroposd cir, drom, ond seg tnchsions are usuolly faund on the cope
erfoces of cantings. Entrapped alr ks mcognlzed & s, Intemnally oxtdized bole
just baneath the cope arrfoce. Drows ond sing inelusiors ore caides or ather feceHon
products of the meta! being et {or he slog say be other non-csia!iics e the
melting oparetion). Thme defacts con be caused by Impropar control of {1) meiting

10



!

and paxing, {2) gating delgn, or {3} mokding sond prectice. To prevent siog
or drom Inciusioms entering from the ladle, they shiuld be skimaad before
paurfry, or teapnt or boram-gpouring ladbes should be cad. Fooring bosles
should be amployad e thet any atag or drow snterieg from the lecle will rise
ond not pam irdo Yhe runner systes. The runnes gysige {iweif dcyld be
deignad 1o exan odditono! skieelrg oction on the flowing metol . Sireca-
lining the ruone systens wil! ainlmize oy ndeccy 23 enfrop ofr or fors drom
or i Inclosbons during vhe mold-filling speration, Careful coawol of mold
permeati ity amd gos coatent redsce the danger of enrapping alr {or mold gees)
ond minimlxs any tendency 1o form deom from mold-metol recetione.

mﬂémwhm-diqpﬂchhu—hm
systen o mold molls. Thwy eppecr an smail Iuguinsrly shoped depremlons (n the
finkshwd coeting ond mey be sxed rondomly or gothensd in cloten whers e
tmpurlthes hove besn cetlectad ot aom or mors vorticss developed by ha meinl,
Sand spas sink or float depending on the decslly of the mwin! cost; they vy ales
hm-mum;dhwdmhﬂhnhnhdhdhdthm.&a-
turbulence in e griing systes, *Sporiing® of asol Into the wold, and poor
moiding sond proparties are cooem of this dafect.
DEFECTS LESILTING FROM INCOMPLETE FEEDING |

It s st widely opprecharad ot eany of the sons grevaten defecrs of
cowtings result directly from sofidiTcation strinkegs; oftan the blame i kild
ertoreously slsewhere. Shrinkape of costings I mtlesdhia In sy fores,




In fg.} are down fypical defects dow o dwinkoge. The mest prevalent type b
iocalized cavitis which eppear of unfed hot spots in the caitings. Wheneve
feading Is gromly inodecuota, intermo! urtoundress is vvally indleoted by soma
externo! imparfection: alther the wali punchures or deforms by dishing ot the
weokest point, aor elongoted woraholes cppuor &t the bose of the rlaer, o
internarl anglem, or somafioms on cope arfocm. Jome!lees dwinkage defech
resembia coliaction of drons winre cops srfoces are wrinkled end drewn

isword. Often smol! voids which appear to be ploholes o reelly carsed by
{mperfect fesding, H undual saface I.l'l;'fﬂﬂﬂl, or degfexmd reglons on cops
and vpper wricces, url_m:wnhrd, it h wiss fo comlder shrinkoge @y @ postble

couse. Grom shrinkogs, centee~lioe shrinktge,and microporatity are internal

manifestution of sclidificatian shrinkoge, Gross shrinkage is o localized covity
oot 1tkely ¥ accur ini isolated mectiom colled hot spols: 1., the fost regiom
of the cavity to solidily, Cantra=tine shrimkags Is o morrow, mobe or lexs continvous
void somaiimes Iumd along the centre line of a:.'ltlnw with sxtemive plateitks
soctions, The shrinkoge moy achuatlly be ina continuous line or moy appear o3 @
ine of Mne lirinkngu chevrors with the #ips pointing oway Ffrom the moin clraction
of fewding.

A lass chvioos defect remilting From tmperfect feeding b internal hot
tearing. Irrr;rn-ul kot tecrs ora radially disposed discontinuities rside coslings,
more communly shent camtings, which can be disclosed non-destructivaily anly by

rodiagraphy. The discontinuitias ressmbls extermai hot eor, sxcept thot they ore

L
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RA
radlal rather than oughdy poralie] {(Fig.2). The leon emancie from q low-dersity

ared, giving the mdiograph on oclope-iTke appecronce. It b oae! o aeoclate
acy form of hot teans with costraction st and o corract the vl by
o by pive mold rellef, The cure for [ntems| hot tean Is improvad feadings ;
it s bewns £mnd vary dfficuly to tear 0 sound’ conting tedwenally by srames
devalcped In noreal coning procedurs.
GAS POROSTTY ‘

Vokds In o wefl-fad section mxst be coused by gos. Roundad voics with

wmoath wolls are generaily due to gos, whils ongolar volds, parhops with dendrire
ﬂpdmdhuintovolldl, are yally cauead by Iopafect feading. Often, o In the
comn of the fine mictoporeaily ssen occalenolly In  non-ferrmam costings, the
dhatinction i.not simple, ond both gan conten? and et shrinkege st be regarded
with supicion whan areh micmparcelly ks cbearved,

EXTERNAL HOT TEARS, COLD CRACKS AND WARPAGE

lhl—‘ﬂliwmmnhﬂﬂrfndrhﬂ-ﬂdnthymd
from the epeaive of olldiflcotion to raom tenparatore, axlemal hot teor, cold
crocks, or warpops moy sccur. Thess defacts reerit from (1) stresen devaloped In
the czating by rmistance of the mold, Fip.30, 3b or {2) rsistonce of thinner ports
of tha comting to narmot comroction upon them of heovler sscilons which avol rmore
siowly, Fig.3c, 3d, Extwmd bot lecrs are jogged, rovghly parallel rears generolly
vib!e to the vaatded ey but ussaily found by X«oy, sogmtice powder, or Zyglo
taeting: tears ars often deap and ars formed by sxrfoce ruplune near the lempereiure
ot which tha coating Is complately ©ild, The oppearoncs of on sutwmma! kot teer on
a radlograghic Fiim I3 shawn In Fip,2 =~ 20,
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Sound Extarnal [nternod Lrea of low
metal ™ hat teor hol tea dEI'IEiH'
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FIG,Z2 APPEARANCE OF EXTERNAL AND INTERMAL HOT TEARS
ON RADIDGRAPHIC FRM
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FIG. 3 HINDERED CONTRACTION 1N SOLIDIFYING CASTINGS
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Cold cracks ar soosewhert shotior o sxtwno! bot teors. Ually @ cold
crack Is continuous, teey jogoed than hot tears, and force In the cold couting from
strazam Irnpoesd daring cooling ar hect treating.

Warpoge ls mixlignmant coued by strexss st wp by conditions of cooling,
laproper desipgn, or mold reslstonce; warpoge does not Involve any dlscontinultie
such oy |s the com with cold crocks ond hot ream.
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ALLOY CAST BONS

Tbymmmﬂmﬁhdm By prapsr ailoying, one
ar aore of the following properiles moy be improved: tendle strangth, strength at
alevated temperagture, mockincbiiity, weor reslstonce, ond mony oftwns. Allsy
combinotions colled inocuionts coums the graphie ts mparote In shopm that glve
the Iron higher mschanico! properties, The taoculcn) forms nuclell For sparation
of the graphie a the cost maral wlldifle, newiting Tn fine ond wel} distribuled
grophite Instead of farger ard weckenihg grophite flokes in fhe mote common oot fron,

Alloy cost kron Ts cost fron that containe « spectolly added slesent, or
elemant, In wifizlant emourt to producs o seonmchle moliification of the physleal
ord sachanico! gropertiss of th Iron (n the eee Hon under corglderatine, Silicom,
morganess, sriphur end ghosphorus, o naraol ly obiclosd from row matertals, ore
ot conalderad o3 alley addifioms.
EFFECTS OF ALLOYING ELEMENTS

L

Alloying elanants are addad to cost lron for mprovement of mechonicol

properties o for devalopeea! of o spechal chovacteristics such & reslyioncs fo
carroslon, hest o weor. The alioylng stemenis thay hove lapuriont effects on tha
struchure of the swial, stxaid be odded to wail-mode cait rom io order o imgrove
them, Such eddition to poasly mode-cait frors am aot econondcnl. Additon of
oileying slements hove 0 merked sffect on graphiiization. Some slloying elements
will accelwole graphitizstion while ofhani will retord thi tromformation, The control



of graphtization B orm of the impariant recsone for tha wse of 4lloying slement
In coat bron.  The alements copper, nicke!, ghaninfum, fitonlum, vooadium,
molybdecym, chromtum nd mogresium are odded to provide specie! properties
o carigin grocdes.






RAWMATERIALS AND EFFECTS OF FORRO-ALLOYS



MG RON USEH

1. Grode}
Percantagn of siflean «  2,45% (before costing)
Fercenioges of dllcon - 1.64% {cfter casting)
Percentoge of hiangonees - 0, 77% (afore couting)
Rerceniages of mongovxe - 0. 5% (after coyting)
2. Grode 2 .
Farcentoges of slifcan - 1.55‘:%.“““#)
Parcantoges of silicon «  1.16% {ofter camting)
Per contoges of mmgm - 2.65% (bafore cavting)
Percantopm of oemgtmes - 0, 50%: {ofter cating}
FERO-ALLOYS USED:

Percantages of st!icon, mongemess and chromium I Fe~31, Fe—Mn and

Fe~Cr ore givan befow:

a Feg - Sl-&5%
- Fe-35%

4. Fa-Mn - Ma-T0%
- Fe-3%

3. Felr - Cr - &%
- Fe - 56%

Grade | - Fig tren umd from the Med. Engy. Department.
Grode 2 = Fig iron used from "Eventlo! Roduch®, Doeed,



FARO-ALLOYS

Thars h ¢ contiderabis aumber of vorknus Fero-alloys and ol loylsng
metaly in Hhe bron and sesi production. As for ae the valuee of praduction s
cancermad, the leoding role amxng the Ferro~alioys betorgs to Ve alioys of
mangooams ord silicon. Exch of thess afloys ar groups of slloys pometss certaln
foundry charocwsitics thot necemliciy glving thws epacial eomidarsion bayond
that pomible in o dhaumion of genwo! principbes. Yhe common farro atloys are

farro~dllicn, farro-mongenme, ferro—chroow, efc.
FERRO=-SILICON

F-m-ﬂllcuianulhruihmnﬂﬂlinmmdumuﬂoﬁm olement
{n the experinent contained 455 S1, the remoinder balng iron. If filicon & low
In the cout brow, ol} the carbon hmgFesC. Silcon Increcse the
Inetobfiity of Iron ewbide; {n eost ot irore, whith contoln comlderdble dilcon,
soma of the iren cwblde dimociots inde lon and corbon (grophlle). By regulating
thﬂllmm::muﬂdl- vortables, mhc; the slew of the mction and the
cooling vere, *he sncunt of diaelarion of the carblds con be cormratied. Siilcon
b @ vary taporiant slessnt in the suxllurgy of groy kron. Siilean prosotes the
decompaaition of the combined corbon (In pearibic and mauive camentite) to
fardle ond grophde,. Slitcan b o good grophitizer,

21



FERRO-MANGANESE

Faryo-mengaons uied os an alloying element in thls waork wos an
alicy of lran ond mangerees conitlning mongomnms upty 70%, the mmeinder being
bon. Mangohess mery be prasent In e crbide plom In gray ron or exy ocor
s monganess siphide in smoll state~colooned Inckslons throughout the metal,
Abayt 0, 3% mors Mn the B reguired theoretically for combination with siphs
{which Is 33/32 rlmes the siphur parcentags ) i neceuaty for mitigating the
affeets of sulphur. Me Increcsss the berdnes ond strength.
FERO-CHROME

Ferro-chroms b an alloy of ran and chrosium also vied lnihhuull‘h
cartolning 42% Cr, the balence being ron, Chrombom, b o powetful corblde
Former, increoms the combined caren ond imersifles the chilling properties of
cost lron, When added t cant ron, chrostum forms complex fron chramlum
cabides, which are more srable than Fe,C. The chromium lrors grophitize teo
vecxilly than plojn cost iron. '

Becuuws of the affect of chronkom on strocture, e}l amaunty of
chromivm incrwose shrargph, hardness, daprh of chitl, end raistonce to heat ond
wecr, buf dacreces aachinability. For gemral [mproverent in mectontcat
propeviies, 0.15 1o 1.00% chromlum is vaed with or without orter otloying

oierrer.s. To it

X2



almmnts. To Hiatrote corblde-forming choreetarlstics of clvomlom add] Hore,

the following affeci on o wft gray Iron any be :Ihd‘.

Parceiegn of Chrenire ¢ Sivchn

0 ... oae Farrits ¢nd cotese grophive

0.3 .. cue Leus fervite, some peoriite ond finer graphite
I ... son Fina grophite, pearlite and smoll corbide
3 ... en Dhoppearonce of grophite

5 e e Much inomive corbide

10t 30 e Fine covblde

Chrowdum strengthem fervite dlightly compored o il siroog effec!
on increasimg hordersbility I thoss allays which are kardenchle by hat-treaiment,
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DETANLS OF EXFERIMENTS



hmﬂﬂmhﬂnbmmiﬂhmﬂ-hmlwhhr
the quotity of the cost iron they produce, A few In-astigations hove se for been
cxxd from the loca! Foundries * Bsantial Fraduets®, Baywar Bazor, Docoa and
* Paepla’y Corombes®, Tongd, Dacco, it hos been cheerved tha? the quality of the
cant leors Hhay produce ore wot good. A few costings ware made In the Foondry
Shop of our Deporimaant, Thelr hordnam voluss wars tokee, clmmsioot analysls
d:uudihﬂ:m:m-'ub-l;:;mhihm. i wn obawrved
thet thely qootlty with respect ko thelr ather ropertise ware inferlor.

No anolywia wos condicted in thew foondries. After analyzing fhe
thhdrhm:mlhlﬁlnphlmmuwdﬁmﬂmhw
deportnmnial, tabaraicry, 1+ wos chesrved fhat the metollolde which bod gesey
offact in controlling rhe diffarn? proparties and stroctare of gost bron were tem
In quantity. Sa ottemph were oxxis to Increms’ the amaunts of few eakailolds by
adding diffrent olloylrg elaments o crat fron in s molten condlilon. Tha
qlhyhmhhmm-uluﬁmdhmmhwhmm-
sllicon and ferra~-mxmgoness. The parcertoges of 31 and Min were veried in
dfferent cantings by contrailing the cmoont of the repective alloy additiom.
Thelr propertias and siruchsres wars studied. The ofloying elemsent fera-chrome

24
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wen used Yo vary the percenioge of clromifiza, Seuctoml, physdent ond other
proparties of coat iron were found fo be lmproved due io the adition of thee
olloying slsmenn. Accordingly, good quatity cost products by meiting plig
irors ware pomilie 1o be produced.

EXPERIMENTS TO ENHANCE THE RROPERTIES BY VARYING THE COMPOSITIONS
73

For amtitng plg fron, e cructble Fumacs of thir foundry shop wes omd.
The Axaccs was not in o good working ceedition. The {Inlngs of the furnace wers

dona by the refrociory bricly. The g and ole vaives were cijunied & that ¢ proper
ale and gae nixiure wes malnioined to wfs the mperctare. The grophie cuclble
nﬂwﬂuithmdhﬁm.%dmrdnﬂwmﬂn
croclbla, |

‘ Sompies from Inported plg ton were prepored 1o swe the oicrsivc e
umunﬁ.mw.wﬂwum-nmwh
microscope. Ten kg of plg fron were kiken for gach lnﬁvld.nl'e-ﬂw. M-
strueture of coxk bonswere studled without olloy addltiom. Grophite flokm wee
cheurvad to be smoller in the cost fron than Hywe in the plg on fros which tay
ware abicined before meiting. ARer arrsating ot o temsparature of 350°C, the
struchuren of the graphite fiokm were cleerved and sean to be Thick and elongated
than the sivociures seen bafors angmoting. Costiogs vars conducied in Hree diffarent
maldy, kaagiog e molds 1o the some mold box, Pouring temperntooss wers varied.



Zh

1t wou chemrved Hhot the grophii Males differ dus to the rate of cooling omd
difwences ln poorizg temperciors.

Duchiom ware tokan io exke contlngs In mparole cold boxes. The
wﬁdllmlnmmmmﬂdﬂﬂﬂwmm.ﬂ-
percentoges of dlllcon te pig tron before and cfter coktings ware fosod 1o be
2.45% (before) ond § .84 (afer) and 1,55% (befare) and 1. 18% (after)
rospactively. The ferro-slllcon wos found to bove 65% 51, After proper ferve
#ifoon oddition o few castings wars sods, b wo chearved thot the grophite Flokes
tncreamed o mmber end bcore o .lﬁwlhnlnﬂnwhuﬂlm
Afrer ancal lig) the somples it wos found thot the graphite Flake jocresssd tn
th-tllnrhntln!hla;ﬂnp-iﬂxmtamlhm Tim somples wers sean undiv 8
=i croscops before and oftar etehing. Graphite Rokes owd farvite ware chearved
beforw erching, ond graphite Fioke, femite ond pearlite ware chemved ofter eiching.

Thmdmmhmdhhn.??‘ﬂnﬁrﬂuﬂ
0.53% (ofrer) and 0.567% (btore) and 0. 59% (ofrer) rexpactively before und ofver
omfings. Am'mmmﬂm:hmmaw.m
parcantage wa varfed ond chimges of propertiet were chearved. The srucham
wars chamved under @ édcroatape. In this coms fioe pearlitic strecture with o few
il of camantite wos senn, Farita end grophits fiokes wars oo deected o the
micromstruchos study,
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A for casiings wars prepared with the addltion of fam-chesaivm,
Chrombm wos vasd In the coet fron on o new eddition, The percenioges of
chrootum were voried fram 0. 3% w0 1.22%, The samp'es were seen uncer a
sicoicope. Pecriithc shuctors with sool) grophite Flakes wos the result. Corblde
appewred to be aors in quantity than in the sarples with farro-mangeness
oddlition. Wean the parcenitges of chyomiues wos Increauad it wos fourd thor each
suciore consived of pacriite, carbides and ledetwrlte. Ledeburits wos found o
h;mdmrhmhmmhﬂﬂulnm-nﬁlhmhwm
smpies hod with low chrontvm,






RESULTS AND DISCUSSIONS



RESULY S:

ADDITION OF FERRO-SILICOM IN MG IRON

The ferm-sliicon vsad [n the axpericants contain siifeon = 45%
After chamica! asolysts, percettoge: of siiicon in fhe plg bon used
In the sxpwimen’s ware found @ Gbilows:
Before caating = 2.65%
Afver canting = 1.0¢%
S0, lom of sliloon due fo costing = 30% {approx. )
Tota! pig lron akan In sech Individual ooeting = 10,000 gram (10 kg )
Afver caating, amouts? of siiteon ko 10 kg of pig lron = 10,000 x 0.0184 = 184 gm
Fa=53 &t the rare of 1% of the walght of plg fron ser was added t M eolten bath
ro rolss the Jarcentoge: of sllicon uplo 2.5%
Toto! sificon presass fn the wolten both contalning 10 kg pig fran
o {100x 0.65¢184) = {45 + 104)gm =~ 24} g = 250 gm (wpprex. )
Parcantage: of sllicon ackeally Found after Fe~Sl atlay oddition on chaaicat analysh
In the plg koo = 2, 4% lnctwad of 2, 5% siticon.
SAMPLES FROM "ESSENTIAL FRODUCTS™, DACCA
After chanicol onalysls, pareantoge. of sllicon, s the glig oo of

» fsmmitial Frodecns® weed In the experiment ware found os follsws:
Bafere cinting = 1.55%
Al costing = 1.16%

S0, lom of dllicon dve rocamthg = 25% (epprox. )

28



Afrer ceating, amount of slikcon In 10 kg of pig ron = 10,000 x 0.0116= 114 gm
Eoough siticon in the form of Fe=51 vead to increces the perceniage of slilcon
HWZQM ¥

Slikcon premnt In the costing w & gm
{ tn 10,000 gm molten tron}

Total siticon required n the coating = J03 gm
(ofter addition}

S, siiicon o be added = 87 go

Tharsfore, Fa~Sl (comaining 5% Si) requined = 134,12 o

Fu=3] required inckeding the 25% low U 134,12 x 1.25 = 1&7. 54 gm
mdﬁlhn?:mllrhuﬂdmﬁ-ﬁdﬂﬂnﬂ = },76%

25
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ADDITION OF FEREO-MANGANESE IN FIG IRON

Tha farmg-manganess used In the axperimants cuniain moagone = 7%
Afrer chemica! amolyils pereamsoge. af cvanganese In the plg lren wied In ihe
exparimanis ware found o1 follows:
tofors caating = 0.77%
Aftar coating = O.58%
Sa, loss of svasgooass due to capting = 25% {approx. }
Mangonem was wad 15 increces the parcentoge of M from 0.58% 1o 1.0%

Wongaress presiint of ter conting = SBgm
{io 10,000 gm solten iron)

Mangonew pergslead In the costing = 100 gm
{of tar addition )
Sa, Mn to be added In tha mollen both o 42 o

Tharefore, Ee=-Mn required = 42/.7 = 40 gm

Fa~Mn required including the 25% fom = 1,25 x 60 = 75gm

by arolyals, the poreantage of axnganase wa'found o be 0. 9% imtead of 15 Mn
Altor ona casting, the citen melal of 10,000 g kon redoced to same

mtert. |t wen coruldered W ba ¥,000 g

hh-Iﬂp&%mnﬂﬁdm?.mmmlunmmik-p!mthomcﬂrhhlh

fumoce.

Thareforn, Mn In &3 gm Fa=fn= 40 x 0,7 » ZB gn

Coraldering the 25% lom

Tharaforn, Mo roquired » 28 x 075 = 21 g



So, tatol Mn wers Increosed n ¥, 000 pm ool ten bath of kren = {80421 )= 111 g
= 1.23% Mn
Nlir:hll:ﬂmlyﬂ!rhmd.ﬂhncmnﬂyfmInfhplyﬁ‘m‘l.m

For 1.5% Nin In the prodoci:
Prasanca of Mo in the malsen barh of 10,000 gm froo = M ge
Totol Mn recuirsd in the cowlng fter addion = 130gm
Therefors, Mn to be odded = F1 ¢gm
%o, Fa~din {conlalning 70X Mn)reqoked = 131, 4 gm
Fain required including the 25% loie = {1.25 x 131, 4} g = 184.25 g
Afier chaical aniysly, the percentope: of M octsolly found o be 5.34R o H .
pig kron.

Aftar two cosiings, the molen rewtal of 10,000 gro iron reduced to some
utln;. It was comidared o be 8, 000 gm
Now In scimn btk of 10,000 gm iren {ufr.m:wrhnmnp-;.m- 150 gm

So, In coltem both of 8,000 go iron (ofver addition) #n pramnt = 120 g

For 2% Mn in the produch

Nerw, Mo wos increosed from 1. 5% Yo 75 In the molten toth of the cructble.
Tharafore, Mn required for B, 000 gm molian iron (ofrer addition)= 160 pw
Ma fo ba cdded = {140-120)= 40 gm

S0, Fe~n recquirsd {cortaialng 70% Mn} » 40/.7 = 57,14 gm

YTharefarm, Fe=Mn required Includlng rhe 25% los = 57. 14 x 1.25%71.37 po=ld om

{approx. )

By anciysls, the percentoge of Mn exhually feund to be i.7%

Ji
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ADDITMION OF FBRO-CHROME IN PG IRON

1he farro~chrome vsed In the expwinant centain 3% chrombum.
For 0. 5% Cr In the product;
43 gm of Cr presant In 100 g Fe~Cr
S0, 50 gm of Cy prasant In 117.04 g Fe-Cr
So, reowlning bon = {119,04-50 )= 67.04 g
For 0.5% Cr
In 10,000 g Inon Gr required » 30 gm
Sa, hw.mg-mc-wm-c;..ﬁap
Again 0,345 gm Cr I contained in 0. 70 gm Fe-Cr

Tharefors, okt Fa=Cr rauired n 10,000 g fron= {119, 04+0. 90)= 119,94 gm
= 120 go» (appron. }

Aftar chessicol orclysls percantage of Cr 1a the fron wae found to ba 0.3% tratecd of
05%Cr

After o few cotings, Ihnnlhn-‘lhiu!lﬂ,implrmr-a’nd o K extwn?
in quantty, and it wos comicered 1 be 7,000 g

For 0.75% Cr In the prodct

42 goo Cr prasent in 100 gu Fe-Cr

Tharefors, 75 go Cr present In 176.5 gm Fe-Cr

So, remaining fron = (170, 5-75)= 113.5 gm

In 10,000 g of fron,Cr required {ofter addition) - 173 gm
So, In 103,5 gm lIron,Cr required = 0.776 gw



%3

Nu-n.mpc;mutnﬂ.ap = 2 gm {(wpprox. ) Fe-Cs

Thersfors, total Fe~Cr raquired = (178,542 }u= 180.5 gm

in the molten both of the crucibla, He cequired Fe-Cr to rale The percaniage
of Cr from 0, 5% to 0.75% « (180, 5-120)= 80.5 g Fe-Cr

Therslore, Fe~Cr requirad for 7,000 jgeniron = 42,33 gm

st wa odded 40. 5 gm Fa=Cr

Tharefore, awact percentoge of Or found =(0.73 » 60,5 )}/ 42,35 = 1.0 Cr
Hm:l_lmlmhhrhmgaumﬂyhndtnhﬂ.ﬁi

For 1.5% Cr In the produoet ¢
A2 g of Gr praasnt 1n'100 goo Fe~Cy
Tharefare, 150 gm of Cr present 1n 857,14 Fe~Cr
{chrer addltlan) ™
S0, mpenlntig ron w (357,14 « 150} 207,14 gm fran
In 10,000 gm of tron Cr requirad (cfter additlon) ™ 150 gm
So, for 207,14 gm lon, Cr megrtred = 5,30 g
Therefore, l.lﬁpdamﬁnﬂhﬁﬂp-?."mﬁ-ﬁ(ﬂm)
So, okl Fe=Cr raquired = {357, 14+7.4) gm = 364.54 g Fe-Lr
Afrer churlcaf analysls the percantaga of Cr ectunily found ofter addiifon tn the

plo bon = 1.01%



For 7% Cr In the product:

Aftar 6 fwe costlogs the molten aetol of 10,000 g of fron educad 1o some
extent in quantity ood [t wen comstderad o be 7,000 gm

£ gm of Cr prasent tn 100 g Fa=Cr

S0, 20D gm of Cr present In 475,19 gm Fe=Cr

Theretore, remgining bon = {4756, 19-200)= 275,17 g

In, 10,000 gr» of bren, Cr required (ofter addition) = 200 gm

So, for 276,19 g of lron, Cr raqulred Riter additlon) = 5.2 g

Now, 42 gm of Cr prasant in 10D gen Fa=Cr

Thersfors, 5.5 g of G contatna = 13,14 g Fe-Cr

Therafors, totc! Fe=Cr requimd {cfter addiflan} = {74, 19413, 14)= 469.33 om
Th-fumthrqﬂndh-crumhshmdcrﬁul.huﬂcr
In 10,000 gn kron = (489, F3=064.54) = 124,79 pm ]

%0, tha sxoct Fe-Cr requirad for 7,000 gra merdten from = 07,33 gm

Aftar onciysti s percenioge octually found ts be 1.22% Cr
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ROCKWELL HARDNESS OF CAST RON A5 FOUND IN *B* SCALE
{ Lond 300 kg, boll dia 1/18° }

~ Hordmem of caat Iron - - "
somplo Mo, oS _ — . Hordnen
Cactre .0
. Sida 94.8
Stdw 97.0
Cantre h 92.0
2. Side $3.0
Side 95,8
. Avarage HM» 94,25
MARDNESS WITH FERRO=SILICON ADDITIONS
“withL.d%'H
L
Cartre 0.0
1. 5ide $0.0
PR ... .
Canirs .2
2. Sids gv.0
Side 9.5




‘SAMPLES FROM ESSENTIAL PRODUCTS

with 1.76% 9
h‘mp'l:m:- : H -ii;-&:a*h N - N Hordness
Cactre 25.0
i Side 84.0
Side ®.0
— —— D e -
Cenire 88.0
2. STta B4.0
Side 84.0

[rove L

Axyroge HN = 84,30

3¢



HARDNESS WITH FERRO-MAN GANESE ADDITION s

With 0. ¥% Mn
T Posifion of e
Sowrple No. Soxple - Hardnes
Lamre g7.0
1. Slcle L
Sida as.0
Cantre gs.9
2 Side C 85.5
fide 8s.0
Pearage AN = B.6
Wk 1,05% Mn
- P " Position of Tha S o
Sample No. Somple Hordnsos
Cantra . a3
1. Sdo 84
Side BA
Cantre £
2. Side a4
Side 84

. R rer— ey

Averagm HN = 33,67
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With 1.36% Mn

T T T Poadtlen of The
Sormple Now Somphe e Maordeass
Cantre 0,0
i Sice 88,0
Sicde 5.0
Contre £8.0
2. Shin 84.0
Side N 85.0
;ﬁvw HN= 3.3
With 1.7% Mn
e " Veaition of the e
Somela Mo, g Hordass
Certra .0
i Side . 9.0
Side 0.0
z. Sida 5%.0
Shin 89.0

Averoge HN = 83,2



2%

MARDINESS WITH FERRO-CHROME ADDITIONS

With OL.3% Cr
- Tosltlon of The
SorploMo. Sl Hardoee
Canire 75.0
1. Side m.0
Side : re.s
Cantre . 78.5
ﬁ
. Side ' 78,5
Sids 7.0
Avgrage HN = 78,30
WTth 0. 55% Cr
- Fosition of the T T T TS e
hpi. Hﬂ-_-_ wi. e _!'h:m -
- CIﬂh'! ﬂ‘-ﬂ
i. Skds 85.0
Side 85,0
Canire iM.0
2. Side 64.0
Sica 85.0

Avgroge HN = 85



With 1.01% Cr
" Foaitlon of the _' " “_’
Sampis Me. Somole N Hovinem
Canive B89.0¥
1. Sicde ?5.Q
Sde 5.5
Ccn'tr- av.0
r Side #56.3
Side - ' §5.5
~Averoge HN = 73
Whh 1, 22% G
Samphe No Tmﬁl::n of the
Canire va.5
1. Sde 7.5
Sida $7.3
Canivs #5.0
2. Side ¥7.8

Side 78.0

ho
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FIG.4 ROCKWELL HARDMESS CURVE WITH Fe -Cr ADDITIONS
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Iliu) 1o (1) chowns - the change of structures with the varlotion of Monganess
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DISCUSSIONS
Deficlancy of juetoilakls wos ocbesrveditn the locatly evalleble cost

lon. No dam of the sadord ghysical roperties wos ovolickle. |t wos chewrved
afier ome sxperimantal works that the usvol phgsicn! ond other properties owld
be Increcsad by adding o limited quantity of metaliolds and fioyleg atements.
Sound castlag ey thas be pomible,

ﬁ-mmmmm kexy of zeetcilolds was batwean
15 to 25%. 1t wos obeerved thot the lom of alloying elements wos considmrebly
large whan fera—alloys wero odded In tln mﬂihh. The cecson might be tha
ﬂwwhrdnmthtbmlbt-ﬂunm:hﬂmﬁlmk,tw ‘.
during the odditlon of Cermo~ctlayy and this was tught to be responelbie for e * jg
incraased axidotion of tho eitoying elements in the meltendikiofsiroo in the o
crucible. Dug to s eucesaive b of the ofloyl-g slements os wail ay maslleids,
asiollolds and aliaying ol ements wars axdad Includlag the proboble low during
costing, Tha alloylng alemaziy were Fa-S), Fe-a ond Fe~Cr,

11 la somn bn the hardnes curve shew In Fig.s, dthet hardnes of cmt bron _
with Fe-Mn addition first decsecses slightly end then lncreams grodsally. The o
hardnes axrve of cat fron with Fa=Cr addition Incyecms Sinearly. The herdnem N

Increcpes dus Ho the Tncrems in arourt of comsatile lo the wrociom of cest lmo

ofter olidlficolion. Pourlng tsmpemiure and holding thne wers fsund fo heve

"
4
'




£3

greatar affect In controlbing the struchare of coxt ron. Whes the gousing
temparature weny high, 1t wos wen that the cating wos sofrer. The mell em
chssrved to be lam fluld ot & lower powring temparohire. ‘Graphltimtlon wo
affacted dus to the dlfferance In holding time of 1he oolren aetal, A msber
of costings ware Included n @ slngle mold box. Due Ip thiy the rote of
exoling of sulmeguent coxtings ware slower thon that obmined with the one
which wea pocored earliar. Te ovold this voriation of tezwparohere ssporote
motd boxes wers veed for separote contings In the loter investigotions. By
thiz method, sturctures of the castings werw found to be soe In every com,
tt is thought thet after alloy eddition the moften metal should not be held

in the Furnoce For o loager thee. {f the bolding Hme Is longar, thew the loss
due 1o axldoilon la, more which B a/barontisted by axperieent. 5o pouring
of the molten mwia! inin the mold box chould be dooe o guickly o possible
after tha aliey cddithon. Alloy odidiilon con be dxne sither by keeping the
crvcible irslde or ouislde the formocs. The slog dhould be remcved badore fhe
oddivions.

In ordinary groy cast ivon the amount of ledeburite s ot very moch
complouan due o the dismciation of cupienite and cemantite inka the vitieate
products of ferrite end grophite. In the cwe of coat lron confolning chromlum,
the compntite.gan stabltizred end belps tha formation of sutectic ces? bron,
which doss not gt disoclated even ot tanparaiure below the lower oritieal line



— i e o .

—_ —

of iron=iran carblde equiiRrkm diagrom. Hancs cart ren containing
clyormion or other olloying elaments show riw conspicuous pressnce of
ledebarits. Flg.lt! chows o pood omournt of ledeburiie whot ks garewrsily

krown an svtectic oot ron,

in ordlnory oot Iron o stehing B necomry by koow the dixe and

qantity of grophite {? contoire. But etching becomes necamary when o
kncerledpe of the conaiTtoenty wich a pecxlite, casentite of even

ledebusits b recesary, Fig. 5 chows ihe streciure of ursichad spectuers of
et rgn giving on kdan of the dize and quontity of graphire in fhe tpectean,
Some wecimers when etched with $% nhot sohution, reves! the sirootores of
pecrtite and grophite Flokes. The edge of the grophits flokes are widaned dus
uﬂ-uﬂmﬂ:dthnucwum

. [ .

wentobtoinod,

Matearinl

Copt Airon:
Hlth EI% gi
0.9% Mn
1,053 Mn
1.5% Mn
Q.54 Cr
0.59% Cr
1.01% Cr
1.23 ar

TR 3038

et

| S——— . - -

.—;M

From the tennilo test of the gpecimens the following data

TENSILE STRENGTH WOR CA3T IROR AS FOURD:

Aver.Max,Lond Max.Tenaile 8trength

in Lbs, in fonn/Sq.in,
4780 12.00 ’
3160 8.66 ’ Dinnatﬂr-s'?ﬂﬁaﬁﬂaﬁ)
4200 V.50 ¢ . ={0,4374,0395)
2750 Q.80 ' =(.4765 inch
o BE e

. Areoo~ TTD%/a

% 5.50 . « 0,176236 5q.in.
4330 10.87 °
4720 M.82




Observations of the micro-structurses end the physical
proportiss such a8 tansile strength end hardness, clearly ahow
thet with & little conpositionml control, & aignificant improve=

. nent of caot iron products can be obtainod,

Industriea in Bangladesh dealing with cast iron producta
ngy therafore be urged to give some sericus consideration
regarding thia natter,

Follow.up research work on this line with other gimilar
alloy additions for further improvemont of locally available cast
iron mey thus be sugpested.
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