
Mech. Engg.Res. Bull.
Vol. 12, (1989), pp.3l-36

Structure and Properties of Centrifugally Cast cr-Brass
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ABSTRACT

A comparafive study has been carricd out in tris invcstigation in ordcr to cvaluate the differences betwcen the

Foducts obtaincd by centrifugal casting and that of the sand casting. Properties like hardness, density, perccntagc

porosity, tcnsile strength, yicld strcngth and pcrccntage elongation togcther with microstructural dilferencss have

hccn invcstigated. Effccts of annealing on frc microsLructurcs of the product. have also bcen studied in thc prcsent

rnvestigation.

I}iTRODUCTION

Modernday casting industries employ ttre
Ccntrifugal casting process because of it's economic
rubility as well as it's capability of delivering dcnse,

*irwrg and inclusion free products. Usual products of
nlp.{ proccss include cylindrical pipcs, piston lincrs,
pressure vcssels, bush-bcarings, stcam and gas reformcr

nr&es, pullcys etc. Whcn compared to sand casting

Sroccss, thc ccntrifugal casting mcthod imparts some

crscndal qualities in the products as high tcnsile
orc$$h, high dcnsity, consequcndy low porosity and

osrcssary hardncss. It is normal to anticipate that the
prrcpcrties and the solidification charactcristics of
iutnifugalty cast components will bc quitc diffcrent
$unm sutic castings. Howevcr, the succcss of

ccntrifugal casting process depcnds on a numbcr of
factors viz., mould spinning spccd, heat transfcr

characteristics, mould material, mould coat, pouring

temperal.ure, pouring rate, mould prcheat tcmpcraturc,

thecomposition of thealloy castand thc dimcnsionsand
geometry of the casting (l). In order to obLain the

optimum conditions for atlaining various important
propertics, a thorough study of cenkifugally cast

products under different conditions of specd of rotation,

solidification time, pouring tcmpcrature and pouring

rate of the melt is imperative (2). With this end in view,
investigation ha; becn carricd out to study thc cffccts of
some process variablcs on microstructures and

properties ofcentrifugally cast products (3). This papcr

dcscribcs thc rcsults of 0rc investigation which includc
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a comparative study of the propcrties of a-brass pipcs
obtained by centrifugal casting and that of the

convcntional sand casting.

DESCRIPTION OF THE EXPERIMENTAL
SET-UP

The present ccntrifugal casting unit is the

modification of prcvious set-up (4) which consisted of
a permancntbarrel-like mould, mould holder, a hollow
mild steel shaft, a gauge ri;rg, pulley and a motor. This
machine is also incorporated with a four wheel trolly on

two rails. The trolly includes a ladle and a ladlc holdcr

with a hcmisphcrical shaped spout lined with firc clay.
The wholc expcrimcntal set-up is schcmatically shown

in Figure 1.

The pcrmanent mould was made of cast iron and was

horizontally inclincd with the threc feet long mild stccl

shaft. The dimcnsions of thc mould wcre: lengft
350mm, outer diamcter 150 mm, thickncss 12.5 mm. A
ring was fixed at thc cnd of the mould to hokl the casting
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while it is in motion. There wcrc Lwo slots on bofr cnds
of thc shaft one for key arrangemcnt with thc flangc and

anothcr for locking with thc pulley.

A 18.75 mm borc was madc throughout thc endrc
length of the shaft and a mild stecl rod was inscrtcd
through it for gripping the cnd plate within the mctallic
mould. The end platc was uscd for end mcasurc of thc

axial length and ejccting thc casting from thc mould.

The trolly was an esscntial part of thc expcrimental
set-up. Its main purpose was to make an iurangcmcnt for
uniform and regular pouring of mctals and alloys into
the rotating mould. Itcould movc backward and forward
on l.wo rails. The dimensions of the trolly wcre about
375 mm long and 300 mm wide. About 600 mm long
hcmispherical shapcd spout was attachcd with the

trolly. It was moved on a slopy rail track and its entry
into tre mould could thus bc regulatcd. Thc main
function of the spout was [o transfcr lhe moltcn mctal
into the revolving mould uniformly from thc ladlc
which was placed above it. The ladlc was madc of mild
stcel sheet over which fire clay lining was impartcd to
withstand massive thcrmal shock. Thc ladle holdcr,
madc of cast iron pipe, had a brackct cnd and an

extendcd handle [o ease the pourin g manual ly yct salc I y

by simply rotating the handlc. Thc lcngrh ot the handlc
was extendcd to tilt the ladle bctwrcn 0 to 90. by

simply rotating the other cnd ol the handlc from a far

distance. This arrangement also avoids the risk of
having any split of melt from tre rotating mould.

Thc gauge ring is employcd to dctcrmine and

maintain the requircd thickness of thc product.

A 7 HP electric motor was uscd lor rotaring t]rc
casting machine and its spced was about 2800

rcvolutions pcr minute. The required spinning spccd of
thc mould was achieved by changing pullcys of
diffcrent diamctcrs which were connectcd with shaft of
the machinc utilising a V-bclt.
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Fig. I
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Schematic diagram of the experimental set-up.
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EXPERIMENTAL PROCEDURE
:, Charge Matcrials

A scrics of expcriments wcre carricd out using brass,
- hose composition was 73.0V0 Cu,25.5o/oZn,l.0Zo Sn
:,:,J 0.5Vo othcr elcmcnts. The weight of total charge
-rrrial for each casting was about l0 kg.

' \loulding Matcrials
For ccnrifugal casting, cast iron mould was chosen

, -ic dre casting conditions arc morc consl.an[ and
; _nrollablc with this type of moultl. The mould was
::;'isrd with graphite powder along thc gaugc lcngth
-{aore pouring thc mclt. For san<l casting, grrcn sand
* :s uscd as the moulding matcrial [o makc sand moulds

":.-i: ;ores. In thc present work thc moulding mixture
r,r :I:tr'd o[natural silica, clay, coaldust to which about
: -r ';,: '*'atcr was uscd. The A.F.S. grain fincncss numbcr
: 
-lls' 

sand was measurcd by Tylcr's sieve shakcr and
* i: iound to be about 69.

- \i.'ltins and Castins
-r.. charge material was taken in a graphitc crucible

,r: n.-lrcd in a natural gas fired pit furnace. In ordcr to
-r* , ;.. thc slag frorn thc molrcn brass, borax was addcd
:id lrrring was continued for sometime. Finally,
* - r"ing from the top of the mch. was nccessary prior
i: lr:Lnng into the ladle. Thc pouring tempcrature of the
x'i,,: : *as measured with the hclp of Digital
-rrrrrrirnctcr which gave a dircct rcading of + 2"C
td; rr;). The mclt was thcn pourcd into the mould at
li:r: i-: I,SfPC and tic roLaLional spced of the mould was
,ira.r*i l itjO rpm(5). Thc spced was mcasurcd with thc
lni : ;i a DigiUl Tcchomctcr which gavc the direct
rlat..:J in rcvolutions pcr minute. Mcntion may be
r;:i l:rc that the mould was hcatcd to aboul 20OC to
li .'l ['iorc pouring t]re melt.

;::::-rcatmcnt
r-- -,:Cing of brass was accomplishcd by' hcating to

u:r:r"l i-1i C in a mufflc furnace and holding it at that

ri-rit{-;li.rre for about I hour. The spccirncn was l.hcn

, tr: .;1: i.c\r.ly to room lcmpcraturc in the fumacc(6).
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(c) Mctallography

Mctullographic spccimens wcrc prcparcd from rhc
cast hollow cylinders. These were polishcd in frc usual
manncr. Final polishing was carried out with fine
alumina powdcr(0.l micron) by hand to rcmove lhc
micro-scratches from thc spccimcns. The specimens
wcre ctched in 20 ml NH4OH and a fcw drops of frcsh
HrOr(O.3Vo) by swabbing rhc spccimcn for I minure.
The microstructures wcrc cxaminccl undcr optical
microscope to see the sEuctural diffcrencc at cliflcrcnt
magnifications. Welzlar Univcrsal microscopc and
S wi fimaster photograph ic m icroscopc wcrc uscd for the
examination and photographically rccording ol the
represcntativc microstrucl.urcs, rcspccLivcl y.

(f) Dcrcrmination of tensilc nropcrtics
Tcnsilc tcsLing was conductcd using a 24 Kg

Hydraulic Testing machine with a scrcw typc opcrating
cylindcr using l5 kN scale. Thc standard 6.25 mm
diamctcr round rcst spccimcn (Fig.2) was uscd for
l.cnsilc tcsting. The U.T.S. in ncwtons pcr squarc mm
and pcrccntage of clongation wcrc obnined Tlrc 1,icld
strcngth in ncwtons pcr squarc mrn was rncasurcd by lhc
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Fig. 2. Gripping device for thrcadcd-cnd spccime n.
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oflsct mcthod using spccified valuc of set ( = 0.2a/o)

from sl-ress-strain curve. The rcsults were averagcd

lrom threc dctcrm inal.ions.

(g) Dctcrmination of pcrccnlagc porositv

In ordcr lo calculatc thc pcrccntage porosity of thc

casting, it is necessary to determinc bolh the bulk and thc

true dcnsity. The formcr is determined by obtaining the

mass of the dricd specimen and its exterisr volume. The

bulk density (d), obviously, is equivalcnt to the rclation

m/v, whcre m is the mass of thc spccimcn and v its
volumc. Thc truc dcnsity is found by grinding thc

matcrial, passing it through the 100 mcsh sicvc, and

dctcrmining thc values sought out by mcans ol a

Pycnometcr in the usual manncr. The pcrccntagc

porosity (p) of thc casting is thcn computed from the

following rilation:

p = 100(l-dlD),
whcrc, d=bulkdensity,

D = truc dcnsity

RI'SULTS AND DISCUSSIONS

(a) Structurc and Proncrtics
Usually, in conventional casting pouring of thc

moltcn mctal is done'morc rapidly than the ratc at which

thc metal solidifies in the mould. As a result, a sump of

liquid accumulates which onsurcs that, thcrc is always

an cxcess of moltcn mctal available for frcding which

compcnsalcs shrinkage during soliditication. Howcver,

the exccss mctal above the solidification front bccomcs

scgrcgatcd with most alloys bccause the solidification

time is sufficiently long for major comgnsitional

diffcrcnccs to occur. Ofter problems arc causcd by

porosity, piping and by a cast grain sizc that is usually

much coarscr than that o[ centrifugal casting of sim ilar

composition.

On the othcr hand, during centrifugal casting thc

sump of liquid is rcplaced by a vcry thin film covering

most of thc solidification front. Undcr an optimum

rotational spccd of the mould, the thin film of moltcn
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mctal will land over thc cnlirc lcngth just aftcr the

solidi{ication o[ the prior splat. In this way, thc liquid
metal is supplicd conshntly and thc portion of which

frcczcs almost immcdiatcly, causing an incrcmcnlal

change in the dimcnsions of the casting. The final

strucLure is a fine-graincd, cquizxed structure with low
porosity. Scgregation is also at a vcry low lcvcl in
ccnrifugal casting and is confincd within areas

approaching towards tic ccntre. Thcreforc, the potcntial

bcnefits from this situation are very considcrablc,

including ncar-zcro scgrcgation and rapid
solidilication, thc lattcr lcading to cnhanccd
mcchanical propcrtics.

Figurcs 3(a) and 3(b) show thc micro-slructurcs ol
sand cast and ccntrifugally cast spccimcns,

respoctivcly. It can be seen that the sand cast structurc

includcs fir-free like dendritcs of o,-brass with porcs in

the vicinity, whcreas lhc ccntrilugally cast structurc

spccimen, traces of coring ellects are promincntly

visiblc (Fig.4a) ncar lhe grain boundarics. Whcn

ccnfifugally cast brass spccimcn is anncalcd, thc

microstructure shows (Fig.4b) twin grains with strain

bands. It is envisagcd that in carc of ccnrifugal casting.

dcnsc and all thc impuritics arc flashcd out towards d-lc

ccntrc. As a rcsult, higher physical and mochanical

properties are pbtaincd during ccnrifugal casting

(Tablc 1).

(b) Elfccts of anncaling on structures

Whcn annealing is carried out on sand cast brass

includcs finc and cquiaxcd grains wittr ncgligiblc lnrcs'

Actually, rhe high rotational spced o[ thc mould brcaks

up the dsndrites during first slagc ol solidification,

favouring fine equiaxcd grains. Bcsidcs, thc mclt is hcld

togcthcr due to centrifugal lorcc, making thc structure

the growing crystal undcrgo somc sorl. of partial

dclormation duc !o imposition of ccntrilugal forcc, and

the phcnomenon can be considcred similar in clfcct as

partial defonnation in the sand casting. Bccausc whcn

sand cast specimcn is annealcd aftcr partial

dcformation, bent twins with strain bands are visiblc in

thc structure(7).
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Fig' 3' Showing sructurcs of (a) sand cast and (b) ccntrifugally cast brass spccimen, as-cast. condition, x 100

Shcnvingslructurcsof(a)sandcastand1b)ccntritugallycastbrassspccimen,anncalcdat53g,CforI 
hour;

x 100.
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comparison o, uor,nurffiics of sand cast and

ccntrilugally cast o-brass, as-cast condition.

Propcrtics Sand Ccntrifugal

Casting Casting

Yicld Strcngtlr(N/mm'z)

Ultimate Tcnsilc Strcngti
(N/mm2)

Elongation (7o)

Hardness (BFIN)

Dcnsity (grn/cc)

Porosity (7c)

86.5

170

13.0

55

8.15

5.s0

125

23s

17.0

70

8.39

2.10

CONCLUSIONS
Thc following conclusions rnay bc drawn lrom thc

rcsults of thc prcscnt invcsl.igalion:
(r ) Thc bruss containg abouL26o/a Zn ollcrs dcnsc and

ce)$puct structurc whcn cast ccntrifugally and hcncc

bcttcr physical and mcchanical propcrtics arc obtaincd

than that of lhc convcntional casting.

(ii) Anncaling has also shown a grcat influcncc on thc

microstructurc of the a-brass. Thc ccntrilugally cast

anncalcd spccimcn shows cquiaxcd twins with strain

bands but do not show any coring clfcct ncar thc grain

boundaries, whcrcas thc sand cast spccimcn shows

promincnt coring effcct.
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