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ABSTRACT

The processing of metalsin the semi-solid state is becoming an innovative
technology for the production of globular structure with minimum micro-
segregation and high quality cast parts. Thisresearch is aimed to study the
microstructure characteri zation and mi cro-segregation of semi-solid process-
ing gray cast iron. Increasing fraction of solid has significant effect on the
primary particle morphology aswell as micro-segregation of gray iron cast
structure. Elements segregation decreases with increasing the fraction of
solid up to 0.12. It isfound that elements segregation starts to increase by
increasing fraction of solid above 0.12. Thischange of behavior of elements
segregation before and after 0.12 fraction of solid related to primary solid
agglomeration. Processing window (f = 0.02 to f_ = 0.13) can be withdrawn
for production of semi-solid gray cast iron casting combine higher strength,
higher el ongati on and minimum micro-segregation compared with ordinary
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INTRODUCTION

Semi-solid metal (SSM) processing has been suc-
cessfully established asauniquetechniquefor produc-
tion of metal lic componentswith highintegrity andim-
proved mechanicd properties, which can befurther di-
vided into rheoforming and thixoforming™. Thereisno
doubt that SSM processing will have abright future
and may giveafacdlift tothemetallurgical processing
industry. However, to achievethisgoal, thereistill a
long way to go. Based on the current situation, it ap-
pearsthat future efforts should be directed to thefol -
lowingfiveareas. devel opment of new processes, un-
derstanding themechanismsfor theformation of globu-
lar structure, development of new aloysfor SSM pro-
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cessing, therheologica behavior of SSM durries, and
microstructure—property relationshipsin SSM formed
materias.

Thesolidificationof aloy sysemswithlimited solu-
bility proceeds with anumber of phenomenataking
place s multaneoudy oncethetemperaturefalsbelow
theliquidus, themushy zone. Theseincludecrystaliza
tion, solid movement, sol uteredi stribution, congtituents’
Segregation, andripening. Insuch dloy systems, thecon-
centration of minor elementsisofteninexcessof ther
solubility limitsinthe principa phases. Theoutcomeis
multi-step solidification to form amulti-phase structure
instead of single phasewith completesolubility. For d-
loying systemshaving aprincipal partition coefficient
lessthan 1 (k< 1), the solute atoms arerejected into
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theremainingliquid which may lead to micro- and/or
macro-segregation during solidification.

Theinfluences of micro-segregation, grain bound-
ary segregation, melting point eutecticsand brittlein-
termetal lic compoundsfor conventional as-cast mate-
rial on formability have been reported®. Moreover,
Micro-segregation resulting from the sol ute redi stribu-
tion causes non-equilibrium second phase, porosity and
crack formation which could degrade the mechanica
propertiesof meta products®. Semi-solid processing
of gray cast iron using cooling plate method hasbeen
reported intheliterature™>" where, structureimprove-
ment of fine globular primary particles, distribution of
thegraphiteflakesand matrix structure, and their effect
ontenslestrengthfor widerange of primary fraction of
solid werediscussed. However, thepreviousliterature”
did not includeany discuss on on structure micro-seg-
regation of rheocast gray castironduring solidification.

The purpose of thisreport isto study the effect of
the structure micro-segregation changes by the semi-
solid processing using cooling platetechniquefor gray
cast iron. Theeffect of different fraction of solid onthe
structure micro-segregationisinvestigated to achieve
thegod . Under the optimized conditionsaprocessing
window for production of gray cast iron by semi-solid
cagtingisachieved.

EXPERIMENTAL

Stripsof the constant width 25mm and the length
155mm with thethickness 14mm wereinvestigated in
this study. Sand mold was made using silicasand of
AFS69 gfn, 6% sodium bentoniteand 1% cereal. The
charge material usedfor all tridsisgray cast iron bar
stock. Thechemica composition of castiron samples
isshownin TABLE 1. Sampleswe ghting approximately
1kgweremelted using an eectrical resistancefurnace.
The charge was heated in an argon atmosphere up to
temperature of 1773 K, and then soaked for 30 minto
allow thechargeto attain thedesired temperature. At
1773 K, the melt charge was removed from the fur-
naceto the controlled pouring system, consisting of iso-
|ated box to regulate the melt temperature and speed-
changeable motor to adjust the pouring rate as shown
indetailsin somewhered s&. At thedesired tempera-
ture, the melt chargeisallowed to be poured over a
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TABLE 1: Chemical composition of cast iron samples(wt.%)

. TH(K) T3(K)
a

C S Mn P S CE" jiviidug (solidus)

205 1.96 060 002 008 361 1541 1418

aC.E.: carbon equivalent (=%C + 1/3 (%Si + %P)).

cooling plateinclined at the known angleto the hori-
zontal (10°) with constant motor speed 600 rpm (con-
stant pouring rate), and to flow into amold cavity at the
end of cooling plate. Before pouring, 0.4 weight per-
cent of Fe-75% Si inoculant was set on the surface of
thecooling plate. Thetemperature of semi-solid durry
was measured by thermocouplesinserted withintheiso-
lation box and the sand mold flask. The primary frac-
tion of solid corresponding to thistemperatureis cal cu-
lated using Scheil’sequation and the austenite distribu-
tion coefficient k has been determined by themode of
Goettsch and Dantzigi®.

Rectangular cast iron sampleswere cut fromthe
strip casting. Microstructure, SEM observationsand
hardness measurement for crosssection surfacea 35mm
distance from pouring base were studied. Themicro-
structurewas observed with optical microscopeusing
ground and polished specimens. Mapping anaysisfor
processed gray cast iron gpecimenswereexamined usng
aHitachi S-800 scanning € ectron microscope equipped
with an energy dispersive X-ray (EDS) anayzer.

RESULTSAND DISCUSSION

All metdlicmateria scontain soluted ementsor im-
puritiesthat arerandomly distributed during solidifica:
tion. Thevariabledistribution of chemica composition
on themicroscopic level inamicrostructure, such as
dendritesand grains, isreferred to asmicrosegregation.
Variation onthemacroscopicleve iscaled macro-seg-
regation. Because these segregations generally dete-
rioratethephysical and chemical propertiesof materi-
as, they should be kept to aminimum. Micro-segrega
tion variescongderably with the history of thegrowth
of thesolid. For example, micro-segregation oftenin-
creaseswith cooling ratein the case of equiaxed den-
driticsolidification, but it decreasesinthecaseof unidi-
rectiona dendritic solidification!®.

Solidification of ordinary hypoeutectic gray castiron
beginswiththe predi pitation of austenitedendritesfrom
the melt astemperature fallsunder theliquidus. The
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Figurel: SEM micrograph together with X-ray mapsof ordinary cagting.
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SEM

Figure2: SEM micrograph together with X-ray mapsof semi-solid casting(f =0.05).

Au Tudian Yourual



MSAIJ, 8(4) 2012 M.Ramadan 151

—== Fyf] Paper

SEM

Figure3: SEM micrograph together with X-ray mapsof semi-solid casting (f =0.12).
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SEM

I

Figure4: SEM micrograph together with X-ray mapsof semi-solid casting (f =0.18).
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previous® 7 investigations stated that shape and size of
the primary austenite particlesishighly affected with
the useof cooling plate dueto theresultant high cooling
rateof themelt. High cooling rate of mdtincreasesthe
number of theeffectivenucde reativetotheratea which
latent heat is dissi pated. Increasing primary fraction of
solid causesanincrement of under cooling and changes
gragphitemorphology. Tensilestrength of semi-solid pro-
cessed gray cast ironisrelatively high compared with
ordinary one. The values of both thetensile strength
and the elongation depend onthefraction of solid. Itis
found that graphite morphol ogy (size and type), pri-
mary solid agglomeration and cutting graphite network
havealargeinfluence on both the propertiesin semi-
solid processing. Thetotd fracture strengthisobserved
to depend on the graphite morphology aswell asthe
matrix contribution that mainly dependson fraction of
solid.

Figures 1-4 show SEM micrograph and X-ray
mapsof ordinary semi-solid casting with different grades
of fraction of solids. It isclear that morphology and
distributionof C, Mn, Selementsarehighly affected by
the semi-solid processing. In case of Pelement, itis
clear that its morphol ogy and distribution hasno clear
affect. Thevery low weight concentration of P (0.02%)
intheorigina compositioniron may bethereason be-
hind that. Figure 5 showstheeffect of fraction of solid
on Mnand S zones size in the semi-solid processed
gray castiron. For low fraction of solid (fs=0.12), itis
clear that increasing fraction of solid decreasesMnand
Szonessizesand changesitsdistribution. Further in-
creasing of fraction of solid (fsfrom = 0.12) resultsin
increasing of Mnand S zonessizes. Previous study!”,
which considered as primary part of thiswork, show
that for low fraction of solid (fs=0.12), increasing frac-
tion of solidresultsinanincrement inthetensilestrength
aswell asthe e ongation, comparing with the ordinary
gray cast iron dueto thefinegraphiteformation (fine
graphitetypeA). Further increase of fraction of solid
(fs=0.14-0.18) leads the graphite morphol ogy to be-
comefiner graphite (type D), consequently thetensile
strength decreased. Findly, increment of fraction of solid
(fs>0.18) leadstoincreasing of tenslestrength dueto
theagglomerationsof primary solid particles. Thoseag-
glomerationsof the primary solid particlescut the net-
work of the eutectic graphite.
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Figure5: Effect of fraction of Solid on M n and Szonessize.

Solidificationisbasicaly governed by nudestionand
growth phenomena Normally, for solidification sysems
having partition coefficient k < 1, growth doesnot take
placewith complete mixing of soluteelementswithin
thegrowing solid phase and rejected into the bulk lig-
uid to form ahighly enriched boundary layer ahead of
solidification front™. For present semi-solid processes
using cooling platetechnique, it isimportant to under-
stand theimplication of forced convection and solute
distribution inthe context of semi-solid casting. Inthe
present study the cooling plateisused for production
the semi-solid durry. Where, therheocast microstruc-
turesaretheresult of acombination betweentherapid
solidification and theflow-rel ated fragmentation of the
dendritesin semi-solid State.

Atlow fraction of solid, the cooling ratedueto cool-
ing plateand vel ocity of durry flow of solid haveacon-
Siderableeffect onthe primary solid particles. At high
fraction of solid, theamount of solidinthedurryin-
creases, which nucleateinthe cooling platewal washed
away fromthewadl into the durry will havevery smal
veocity relaivetotheflow of durry. Thisresult together
with the convection effect may |ead to the presence of
coarsesolid particlesinthe semisolid state, whichwas
theresult of the agglomeration and coal escence of the
solid particles. These agglomeration and coal escence
at high fraction of solid are considered to bethereason

e, P pterioly Science

Hn Tndéan g%wumé



154

Structure micro-segregation of rheocast gray cast iron

MSAIJ, 8(4) 2012

Full Poper =

of formation of micro-segregated Mn and S coarse
zones. That not the casefor low fraction of solid, where
the higher cooling ratecompared with theordinary cast-
ingandrelatively higher velocity of durry over the cool-
ing plate surface lead to higher nucleation and good
particlesdistribution.

Using thedatashown in present study (see Figure
5) and thedatashown in previous study!”, processing
window(f, = 0.02 to f = 0.13) can be withdrawn for
production of semi-solid gray cast iron castings com-
bine higher strength, higher elongation and minimum
mi cro-segregation compared with ordinary gray iron
cadting.

CONCLUSION

Effectsof semi-solid processing of gray ironusing
cooling platetechniquewereinvestigated. Increasing
fraction of solid has significant effect onthe primary
particdlemorphol ogy aswe | asmicro-segregetion of gray
iron cast sructure. Elements segregation decreaseswith
increasing thefraction of solid up to 0.12. Itisfound
that e ementssegregation start toincreasing by increas-
ing fraction of solid above0.12. Further increasing of
fraction of solid (fs=0.12) resultsinincreasing of Mn
and S elements segregation. Processing window (fs=
0.02to fs=0.13) can bewithdrawn for production of
semi-solid gray cast iron castings combine higher
strength, higher € ongation and minimum micro-segre-
gation compared with ordinary gray iron casting.
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