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RECYCLING OF CAST IRON CHIPS

D.N .  Adnyana

BY POWDER METALLURGY 
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R I N  G X A S A N

Penggunaan geron ( sisa-sisa pengeriaart)
lnri l,esi tuqng sebaadi bahan baku nut ah di
iaLqn industt'i tuder netallutgi ( Logon daLon
bentuk serbuk lpuder) ), kini sedarq berkenbang
untuk nembuat produk-proCuk ycm.g bernanfont.
Di dalon studi ini yang diperhatikm adalqh
segi-segi teknik -d<tt ekononi dari prcses-pllo-
sea petwu4tdn Duae!,- 

Sifat-6ifq.t nekqlis besi tuang kelabu pa-
cia dasarmga ditentukcn oleh jwnLah karuiungorL
grcltt di dalan narrik, bang nana kandungan
jr;:t: dari I esi tucn.g ini ju4a nerme"rgatahi
kcpada si.fat -s I fat pudentya.

Tulisan ini, merqwa.i.kJan puLa tentqng pe-
rryanth dnri teknik penbuatan puder terhadap:
sifq.t-Bifat puder sepe?ti bentuk' besqr d.a"'
gr.qfit lqlg terlepas dat'i natrik don demikian
puLa terhadap ptoses-p"oses pengepresan dmt
peny i.nteran. D irii skusikan pula nen4 enat' peng a-
luh dotli gas lang digutrakart untuk proses pe^
nAinteran terLwdap sifat-si.fat produk gang
te lah  Cas in te r .

'This L,ork vas carr ied out at the DeparteDeot Metaalkunde,
Kathol ieke Unlversltelt  Leuven - BelgiuD.

' l4echanical- Engineering Depart loent, lnst i tute of Technolog;-
BaDdung.
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A B S ! R A C I

lhe utilization of cast iron chips as ot
alterantiue cheqer ral nateyLal in tlle poudet
netalhtt gg induetry is cuzrentlg tmdez'goirq
d.euelopnent to ptoduee useful pro&tcts. Ilte
pre-sent uork ie concented uith the technoLogy
utd econany of auch ot altenntiue pouder pro-
eeeaing tectmique,

?he nechqtieal properties of, grey caet
iton are p?inaril! deternined by the p"opo"-
tion of included grqhite in the netalli.c na-
trio in uhich the graphite also affecte the
propertiea of poudered caet iron ehips,

The influencea of the procelsing tech-
nique on the por,tder chayaeterieties auch aa
the shape, the size, the Looae graphi.te as
ueLL aB the subeequent 

"oute 
of cornpaeting otd

sinteying are described. In sintez"tng, the
effects of the protective atnpaphere uaed on
the pnopertiea of Bintered conpact are diecus-
sed.

Inttoduction

caet lroo rnachlning partlcles (swarf) such as chips, bor-
lngs or the llke ls a Daterlal which ha8 apparently been pro-
posed fro[ tl-ne to tl-ne as a gource of portder shl.ch can be
pressed and slntered. The cost is also very low or nll l f
generated "in house". The sxarf ts f irst co@lnuted to a pov-
der of suitable particle slze. This ie acconpllshed by nil-
l ing and annealing cycle approprlate to the raw toaterlal.

Thls technlque is nov more preferred, aince conventl.onal
techniques of reDeltlng and casting of netal lraate into ,.D8o t
moulds may iltroduce undeslrable pollutlon to the envlroDDent
due to the burulng of soDe lubrlcanta retalned ln the chlpa.
Also, accountlng to energy aavinga aa generally expected frol0
Powder Metallurry (P/M) technlque, the uae of powder retal-
lurgical recycllng technlque La currently receivlng Erch at-
tention. Moreover, the recent otl crieig hae lf anythlng
acceDtuated the need for further reaearqh in this fleld'

The uae of the powder roetallurglcal recycllng techDlque
is not Dere]-y for the cast Lron Eachlning swarf, but lt cao

also be recouended for other Eachi-nlng swarfa. For i.natalce'

it ls oDly very recently that the Ford l'lotor Conpanyrs EngL-

neerlng and Resea rch Staff reported that Ford hae developed a
procees for naklng iron povder froo Dachinlng turnlngs. Re-

searchers have made froo chronluD-nickel-oolybdenurslllcon



a L l o v  s t e e l  c n i p s  u s i n g  a  s m a l 1  p i l o t  s e t _ u p  a r  F o r d r s  ) i a n u _
fac tu r i ng  Deve loDmen t  Cen te r  i n  t e t ro i t .  A  i a rge  f , j 1o , : _ I r r e
Lapdo ie  r t  na i i ng  seve ra l  l nousand  poudds  o f  powoer  mon th l v
w i i l  be -ope r :a t i ng  t he re  b ) /  t i r e  end  o f  i gU  B .  f ne -p roce_s  con_
s i s t s  o f  c l ean ing  t he  t u rn ings r  f o - l - l osed  by  sh red i i ng ,  embr i t _
t l i ng ,  g r i nd ing ,  coa t l ng ,  annea l i ng  anc i  t j r en  sc reJn ing .  I r
was  a l so  repo l t ed  t ha t  powder  can  be  made  fo r  app rox ima te l y  b5
pe r - cen t  o f  t he  cu r ren t  pL rb l i shed  pe r_Dound  p r i ce  o f  a tom ized

i . o r ,  
( 1 )  

,
C l r i ps  o f  nany  na te r i a l s  espec ia l l y  b r i r t l e  ma te r l a l  such

a s  c a s t  i r o n  c a n  b e  r e c y c l e d  i n t o  p o r d e r  e a s i l y .  T h l s  i s  t h e
ma tn  reason  whw the  p iesen t  wo rk  f ocuses  on l v  cn  t he  recyc l i ng
o f  casL  i r on  ch ips .  I n  add i t i on ,  whe reve r  a  g re . r f  nucLbe r  o f
s c r a p s  a n d / o r  c h i p s  a . .  f o u n d  ( e . g .  i n  I n : i o n e s i a ) ,  r h e  u s e  o t
t h i s  t echn ique  na ) ,  be  p ro f i t ab le .

irceri,,:er;L.ai, i: r'c a. t-'.t t!.e s

a .  P r e p a r a t i o n  o f  c a s t  i r : o n  c h i p s .
The  cas t  i r oo  ch ips  we te  co l l - ec ted  f r i om the  mach in ing

o rocess .  The  q rade  o f  ch l s  cas f  i r on  \ . / as  g rev  u i t h  a  ca r_
bon  c i r u teoa  a round  1 .5  l i .  Th i s  cas t  i r on  was  nach ined  i n
d r v  c o n d i t i c r n  o n  a  l a t h e  ( t u r n i n g )  m a c h i D e .

b .  Pok 'de r  p repa ra  t  l on .
0 f  a l l  t l ) e  mach in ing  ch ips ,  cas t  i r on  ch ips  a re  t he

mos t  b r i t t Le  and  can  eas i l y  be  m i l l ed  t o  ve rv  f i ne  pa r t i -
c l es ,  The  po ! , , , de r  p rocess ing  me thods  , r sed  i nc lude ,  sw lng
l l anmer  m i1 l ,  eccen t r i c  g r i nd ing  ba l l  m i l l  ( conven t i ona l
b a I L  m i l l )  a n d  a t t r i r i o n  m i l l ,  T , a b l e  1  p r e s e n t s  t h e  k i n d s
c r f  pc l r de i  t ha t  have  been  p tocessed .

c .  C o l d  c o r n F a c  t  i o n ,
T i re  cy l i nd i i ca l  spec imens  w i f h  a  d i ame te r  o f  10  mrn

! , / e re  made  by  a  l l and  p ress  nach ine  w i t h  a t l  a l l owab le  com_
pacc iog  l oad  o f  7  Lon .  i hese  spec incns  we re  p repa red  f o r
l h e  S r e e n  d e n s i t \  d e t e r n ) i n a t i o n  r s  a  f u D c t i o n  o f  c o n r p a c r -
i ng  p ressu re .  Wher :eas  t he  t r , ns i Le  t es t  spec imens  we re
p repa ted  by  us ing  a  hyd rau l i c  p ress  mach ine  (max rmum ca -
pac i c ) , :  l t ) 0  t on )  ,  l t r e  t ens i f c  t esL  spec imens  we re  made
acco rd in8  t o  t i r c  IF IF  s tanda rd  r , i t l r  t he  p ressu fe  a rca :
I . 0  s o - i n .

d  .  S i n t e r i n g ,
A f t e r  co r , r f a ! : f  i  g ,  t he  g reen  con lpac t s  o f  povde led  cas t

i r on  eh ips  rde r t  i r ea ted  i n  a  p ro tec t : i v€ r  a tmosphe re  f u rnace
to  a  re l a t i ve l !  i r Lgh  Lenpc ra tu r r , ,  bu t  be lo r , ,  t i t e  me l t i ng
po io t  o i  t he  r : e taL  powder .  T l , r o  s i u te r i ng  a fmosphe res  used
in  t h i s  i nves t i ga t i on  \ r e re  l r vd rogen  ( l l . r )  and  a rg ! rn  ( i \ r J .
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Table 1. Posders nade by dif ferent processing methads

Poirder grades Posder processing method

"l

^2

- L

Chips mil led into polrder by sving haD[ler
n i l l ,

Povder 
\  

ni l led further by eccentr ic

g r i nd ing  ba l l  o i l l  f o r  2  hou rs ,

IdeD as A2 but with processing t ioe 7
hou rs .

Povder 
\ 

uas added vit}] 25 7" iron po',r-

de r  and  D i xed  f o r  1 .5  hou rs  iD  Tu rbu la
lIElCnlne.

Powder fron chips r0ade by seiDg haEmer
tDil l  lhen fol loved b] '  artr ir ion ft i l l j -ng
plocess for 7 hours. The result ing pow-
der r.ras annealed at 650oC for t  hour un-
der hydrogen atnosphere.

Powder BL r.ras added with l0 Z iron pow-

der and rDixed for 1.5 hours in Turbula
nachine,

lden as B, but vi th iron powder addit ion
o f 2 5 Z . -

- 2

Note :  A  and B are  grey  cas t  i ron  w i th  phosphorus  conten t
around 0 .8  Z  and O.7  Z  resDect ive lv .

Density measurexoent.
Green and sintered densities of the speci-rEn were

measured by the Archimedean dethod.

Tens i le  tes t .
Tensi].e tests were carried ollt to heasure tensLle

streDgth using an Instron Eachine,

Metallography.
Af1 speci.Dens vere exanined by l ight nicroscope after

being pollshed and etched. The etchanr used for this grey
cast iron !ras: nital (2 cc HN03 in 100 cc nethylalcohol).
In palticular cases, the observatl-on of unetched specimen
$ras oecessa ry.

s .
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The  cha rac te r i s t i c s  o f  a  powder  pa r t i c l e  e .g .  s l ze ,

shape, surface structure and pore detai. l  l rere obtalned by
us ing  a  Scann ing  E lec t ron  M ic roscope  (SEM) .

E rpe r i neaLaL  v ,esu l  t s  a<C  dLsc t ^ss tons

a. l ' laterial-,  chips and ponder.

The Daterial was grey cast iron vith two dif ferent
g rades  o f  phospho rus  con ten l ,  one  a t  +  0 .8  Z  and  t he  o the r
ac  +  0 ,1  Z .  The  o r i c ros t l uc tu res  a re  g i ven  i n  f i gu re  1 .

The chj-ps Eade from machining turnings show dlscon-
t i n u i t y  d u e  t o  t h e  b r i t t l e  p r o p e r c i e s  o f  c a s t  i r r . n  ( s e e
f i g l r r e  2 ) .

The powder obrained from the chips was processed by
d i f f e ren t  p rocedu res  as  spec i f i ed  i n  Tab le  1  and  t he  no r -
phology of Ehe powder related to the process are presented
in  f i gu re  3 ,

b  .  Conpac t t b i l i t y .
As indj-cated j-n f igure 3, the part lcles form should

re f l ec t  t o  t he i r  compac t i b i l l t i e s ,  As  usua l ,  t he  powder
pa r t i c l es  r . r i t h  i r r egu la r  shape  shou ld  pe rm i t  good  pa r t i c l e
interlocking during compacting co provide high green
strengch. The density gain r.r i th increasLng coDpactiDg
pressure for lhese powders are sho\^rn in f igures 4 and 5
fo r  d i f f e ren t  cond l t i ons .  He re ,  i t  sho r . r t d  be  no ted  t ha t
the density of povder Al + A3 is lover then powders B for
the saDe compacting pressure. This is due to the fact
t ha t  t he  i nhe ren t  f r ee  ca lbon  o f  t he  l oose  g raph i t e  o f
cas t  i r on  powder  ac t s  as  a  Lub r i can t  f o r  compac t i . on  vh i ch
p rov ides  h igh  g reen  dens i t y .

c .  S in te red  s t reng th .
l n  l he  s i n te r i ng  p rocess ,  t he  pa r t i c l es  a re  bond iog

togeLher vhich is deternined prlnari ly by the three impor-

t an t  pa raDeEers  i . e .  s i n te r i ng  a tmosphe re ,  t emPera tu le  and
t i ne ,  Hoveve r ,  t he  ra te  o f  bond ing  reac t i on  t ha t  occu rs
du r i ng  s i n te r i ng  cou ld  a l so  be  i n f l uenced  by  o the r  mecha -

nisms. Experlnental results given in f igure 6 apparently

show that hydrogen as sintering atmosphere gives a higher

s i n te red  s t reng th  t hen  a rgon .  A r Id  f i gu re  6  desc r i bes  t ha t

t he  i nc rease  i n  p rocess ing  t l ne  o f  t he  cas t  i r on  powder  by

the  S , r i nd inB  ba ] l  m i l I  l owe rs  t he  t ens i l e  s t r eng th  o f  t he

s in te (ed  p roduc t .  Fu rche r : r  l e t  us  cons ide r  f i gu re  6  as

f  o11ows  r

-  l f  Lhe  powdered  casc  i r on  ch ips  i s  on l y  p roduced  by

sw ing  ha rbne r  m i l l ,  che  r : esu l t i r r g  pa r t i c l es  a re  i r r egu la r

o r  Dodu la r  i n  shape  w l i i c l t  pe rm i t s  good  pa r t i c l e  i n te r -
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F ig .  1 :  G rey  cas t  i r on
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The graph-F i g .  I a :

F i g .  ] b :

G rey  cas t  i r on  o f  ma te r l a l  f o r  po l rde r  A .
i t e  f ea tu re  i s  r osse te  g loup ing  t ype .

Grey  cas t  l r on  o f  ma le r i a l  f o r  powoer  , j .  T l r e  g raph_
i t e  f l ake  i s  un l f o rm  d i s t r i bu red  L ,o  r i r e  who le  ma ! r i x
b u L  w i r h  r a n d o m  o r i e n ( a t - i o n .
(Une rched  spec  i nens  )

F i g .  l c : G rey  cas t  i r on  w i t h
m ic ros t ruc tu te  shous
The  l r h  i  t e  s t r uc tu re
s  t r u c t u r e  o f  i r o n
s L e a o l E e .
( I i g h t  n i r a l  e r c h )

S r a p h f t e  r o s s e t  e  g r o u p i n g s .  T h e
p e a r l i  t  e  a r ) L t  t e r r i t e .
r " i t h  s m a l l  i i ( . l e s  i s  a  e u c e c t l c

phosph i c i e  ano  t e  r r i  r e ,  ca I I ed

t ' i g ,  l d :  T h e  m a t r i x  s t r u c t u r e  i s  a l m o s t  c L ) n ) p l e t e l v  p e a r l i L i c ,
a l t h o u g h  a  f e w  f e r r i r e  a r e a s  a r e  v i s i b l e  ! r i t h  s i l i _
c o n ,  e t c . ,  i n  s o l i d  s o l u t i o n .
( l i gh r  n i r a l  e r ch )

F i g . 2 l Con f l gu ra t i on  o f  g rev
cas  t  i r on  ch ips
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F l c . Powder cas t i ron chip.
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Powder  cas t  i r on  ch ips .

Grey  cas t  i r on  powders  rade  b ; "  s ' , n i ng  hammer  m i l 1
(  Po l rd  e  r  A .  ) .- t

P o w d e r  A l ,  a i t e r  i u r t l r e r  l r o .  e s s i n g  ' r n  g r i n d i n g  b a ] l
r i l  I  f n r  )  l - o , r r <  ( P n u r e '  t  ) .-  " - - -  ' - " " - - -  2
C h i p s  u r i l l e d  i n t o  p o w o e r  b \  i w i n g  l r a m n e r  m i L L ,  r h e n
c o n L i n u e d  b y  a t  t  r i t  i J n  m i  l l  i n g  l r o \  c s s  f o r  7  h o u r s .

As  i n  f i g .  3c ,  bu t  a r  h l ghe r  magn i f i ca t i on .

T h e  r e s u l c l n g  p ' w d e r  ( a s  r n  f i g .  r . )  w a s  a n n e a l e d  a t
6 5 0 " C  f o r  i  h o u r  u n d c r  l r \  r r ^ g e n  a r r .  : ; l r e r e .  T h e n  t h e
annealed po\^,der was mixed with 10i l  i ron powder,

Scann ing  e lec t ron  m ic rog raph  o f  powder  A t  (made  by
sw ing  hanme  r  m i l l i ng  t echn ique ) .

Scann lng  e lec t ron  m ic rog raph  o f  powder  B .  ( see  Tab le
1 )  .

{ g l

F i g .  3  :

3 e :

3 b :

3 c r

3 d :

3a :
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locking during compacting and provides higher green and
s in te red  s  t r eng th .

-  By  p rocess ing  f u r t he r  v i t h  t he  g r i nd ing  ba l l  m i l l  Che
part icl€ size decreases i . ,hich can be fol lowed by shred-
dinS of the laurel lae graphite f lom their matr ix to be-
cone inherent free carbon. The arnoun t of this free
carbon is suff icient to gain the coolpactibi l i ty, espec-
i a l l y  f o r  l owe r  compac t i ng  p ressu re  ( f i gu re  4 ) .  Bu r  a f -
ter the coopacting pressule exceeds a value of 7.5 tonl
c@2, the green density of povder nade frorD the srr ing
haomer rni l1 (porrde! AL) improves favourably and provides
a  h ighe r  g reen  dens i t y  o f  t he  compac t .  The  res t r i c t . i on
o f  s i n te r i ng  reac t i on  o f  t he  compac ts  o f  povde rs  o f  A2
and  A j  m igh t  a l so  be  a f f ec ted  by  t he  su r face  s t resses
thaE  occu r  on  t he  p r i na ry  pa r t i c l es  du r i ng  f u r t he r
Srindi.ng process.

- Hydrogen can reduce the iron oxide and inproves the sin-
tel iqg reaction, whereas argon only acts to prevent the
ox ida t i on  du r i ng  s i n te i i ng .  A rgon  chen i ca l l y  ac t s  t o
promote graphit izat ion vhereas hydrogen seems to stabi-
I i ze  ca rb ides ,  Th i s  i s  ano the r  r eason  why  a rgon  as  s i n -
t e r i ng  a tnosphe re  p rov ides  l o ' r e r  s i n te red  s t reng th  t han
hyd rogen ,  The  m j . c ros t ruc lu reg  o f  s i n te red  spec inens  a re
p reseu ted  i n  f i gu re  7 ,

The povder which r, /as processed by the swing hafimer
n i11  f o l l owed  by  a t t r i t i on  n i l l i ng  exh ib i t s  a  ve ry  l ow
g reen  s t reng th ,  Th i s  vas  caused  by  t he  excess i ve  anoun t
o f  l oose  g raph i t e  and  i r on  ox ide  p resen !  i n  t he  povde r .
The annea.l ing treatment was performed for this powder at
650"C for I  hour under hydrogen atnosphere. I t  l ras possi-
b l e  t o  hand le  t he  compac ts  a f t e r  annea l i ng  and  su rp r i s i ng -
1y they shov higher green deDsity than ihe cornpacts of
powders  A .  Bu t  t he  t ens i l e  s t r eng th  o f  s i n te red  spec ioe [ s
of powders B ate much loner than the sinteled strength of
specloens froo povders A as sholrn i .n f igure 8. By the
addit ion ot 25 Z iron pov*e!, the sintered strength in-
c reases  up  Co  11 .62  kg /De ' .  The  n i c ros t ruc tu res  o f  t he
sintered Epecimens of ponder B are given in f igure 9.
Fron f igure 9, i t  becooes clea! that the excess of inher-
ent free carbon present in the polrder causes an interl ink-
ed network of f ioe graphite lamellae and this is one of
the reasono why the slaterial is weak.

( ') \
A recent paper\-' shows that the tensile stlength of

sintered cast iron speciDen is apparently very much sensi-
tive to an increase in the sinter ing. tenperature. For in-
s tance,  a  g teeo coDpact  o f  8  ton /c ro '  compact lng  pressure ,
sintered aC 1100"C for t hour under hydrogen atnosphere
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F ig .  6 :  Tens i l e  s t r eng th  o f  s i n te red  spec iDens
as a function of .oi l l i .ng t j .De (Powder
A ) .

hydrogen

\..- argon

conpacti .og plessuEei 7.8 ton/cn
slnterlnS teoperatur: 1000o C
sinterlng t lme: l  ho ur
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has provided up to 35 kg/no2 of tensile strength. It is
also clear that the tensile strength is higher than the
parent cast i lon at sintering tenperature above 1100.C
even though the sintered specihens are porous, Thls rnay
be because of a nore hooogeneous structure due to cnrshing
and because the temperatule of slnlering is close !o the
xoelting point rhich uay cause a transfornation of f laked

shown  i n  f i gu re  10  o f
the present r.ro rk.

It rras also noted thaE the sinferlng lemperature how_
ever, has a l lnitatlon because higher sintering tempera-
ture lDcreases the Aurface roughness of the product aa
shor^n in figure 11.

ConcLusions

It has been Eho$n that the powdered cast iron chlps pro-
duced by using only slrlng hamer nil l ing technique provldea a
higher sincered strength than the coDblnation of a swlng hanr-
ner and a grlnding ball n111 or an attrlt ion !0i11. Thus, it
can be applied in practlce for making rnechanical slntered
parts wlth good quality and in an econonical q/ay. Cast lron
turninSs can be recycled lnto useful conponents by powder rne-
tal-lurgical technique, but it can also serve as a new base
povder for the production of nev oaterials.

In principle, furthe! iroprovement could be expected lf
the parti.cle size is further reduced. Holrever, the finer the
palticles of cast iron povder, the greater the tendency of the
graphite to be present as free flakes lrhich then tends to de-
c rease the  tens i le  s t length  o f  the  s in te red  par fs .  So,  th is
does  noc  o f fe r  advantages  eLcher  Bechan ica l l y  o r  econon ica l l y .
However, if ihis probleo is solved by rercving the free carbon
fron lhe powder, there vil l  be a stl l l , greater advantage of
in t roduc t lc in  o f  P /M recyc l lng  o f  c .as t  i ron  ch j ,ps .

graphite into spherol.dal shape as
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