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mount of PG25dirsesnoaivreedatun hi s temperature even after

t al powder . The role of admi xed graphite besides
re @il lpiyed iron particles obgitdhe t edpudivadld emdrettddckt
t ween adjacent partecheskahdr mbdusoal towiaetpl ace.
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1l ntroducti on

The resi duadd ptoheossttyeagt hcbé& baoabhding between the po

main factors thiamnal nié aleawiectdhllee psrionpteerrtei eisg awfit sws[ 1, 2]
the -patercl e oronsne caddaind dr emeicdkuian tphoer ossiinttysr esdo gypvanr t . A
t hfei ggurtehe-secbbsen of the powder neck is consShedeehiot g
i nrpo ment offeckleesr el oplmentng the heating stage owil |l h a\

mechani cal Fprdohsdrotwise sa.lbs o k € hparnttieaclTeenechkre different
and size off @axeée demst nt dm@mp e dT hienssai iddee st haec tn eacsk bapornter f or
during @whfthsianturn i nfl ukewcel apgmd mfeicrka If ogtnrad i gtnh .

Por e Neck

200 nm* WD = 85mm Date :19 Jun 2012f3
[ Mag= 5000KX i 1500y  Sowia=niens

i WD = 85 :
— Mag= 1227KX  ga icooky g;ﬁlf\if;‘[‘ji'”ﬁ
(a) (o)

Fid: SEM images of showened( pp mresi ek, pec&siaote.
presence of oxide inclusions

Hi gohrer f or mancep &Mt isdcwebeHt byegr wi t,lar €o veaim dlyMn idreon oxi
|l ayer with dfhesmalelsemématiec ahat @x d eETahbel emp o saft i tome s e

particul ates ponmarilloyi dgpendlnernitn gc otnteentompacti on g
oXxi des are entrappedeassheewridel aeso,ntwdtitcihe cpotsédtei ala
foreck fofMmatriedmr e r emovails ods gdrretsieadd saibal @ s saamrét anc t

thus allowing neck formation to take place. (Thhe main
gas aphmorse and adimixedd magstagparobomoommonsour ce) in powder
influence of gas redwscilngnideadmtbyduidly daslihde t he comp

Howeywehren t emper asnuoueg higs. haibgoghcar B0 0 her mal sredscsoon s
ast he i r obnetoweiedgairntierl e contact setied yp atrdtdduaheddy k 0 r s tc a rmip
form. Howeease in temperature is followed biyadtntensi:
fully reducedhatr ¢ 9iii duslitwighkelb mripoeede nsi de ahehaeaieck fo
reduction wilalt Hé i Sensteraigatseud t s i n t r aonxsi fdoersmait mtoon o f
stabdiedeos during heafTheg etvtadtgteeefsteh i ron oxi des at ear |l
intensive nethirgd somat ofmt hme nwanjy £ e etnltd vDisrue bedneleecskh e

The temperatures at whi ch sdaplkotdh e malreqirgodounc t s cownr cset
propertiaganf Thd s studwhiich ttcar dleds shue cabi |l itthye t o r e
surface iron oxide | ayer and| ble s ttnhieo isasm obuknelr atpeprepde r a t



oxi des i nsiTdhee tnhaei nnedciks advant age ©Ohat waislsiod rvleof assauria
matri x whsi cttlhtambéhargh t & mpwidladt umrmey car bon source | eft i
reduction of the most st add fei nsitEfrodno @ feoxiude®. t ilae r eni d
stahtehigh temperammtourher aim oft htalti sapmir wdyddi fBEFaesreedn t o n
carbon ssacwmdaint a new generation of carbon source tha
ranges



2. Theoretical Background

2. 1. Il ntrdPdMuction to

Powder medtalhmlouwregy it echnofogwmi hgrtmatabffer a diversi
close di mensional tol erance. Large scale production
technol ogy hdiugeh aporidifititdy and pr oc e ®s u @uetizi®lmi wma nncaei.n P
manufacturicngmpsatcép®n and sinteringiviTthyi satgi Vess lkin
consumpnidomi gh matadriidanll i ktei lconventi onal steel proce s
PM adhenol ogsye imetlal, pwhwcempiasct ed to its defined shape.
heat treated (sintering) at a teopétayurie stademdthled
powder complaet mai nni sigr emmegcthhaeni s m iwni t i nrteesrpeedc t p atrot a |
el emse i s thr-paghbhadrnnfietrhatpltaacke ssduni @egi ng st agieont hr ouc
process bet weemartthidolaelgaa cceenrtt ai n degr ee icf imesircemnd!l tg
sinteredvhpaht s,n turn reducer ttihees nfieocrh atnfh E@dsuwamrEedo play t
conventional met htolde . s ipetvetr ¢ldae Igeddhse, 3 &tqius frieene nt of me
properties for different application fwhi ki kieteypi afg

prodlUlkéset me emai n sodwearn tnaogsgt neextiaslt ifnor mi ng5f echni ques

2.2. The PM processing rosgte of sintered compone

Fig.i Rladstrates the BM pPMoacommoenegmteont eonal route st

powderoducti omtlmyni wahtee opnowdTer t hen is mixed with gra
sarce), |l ubr i c aAn tc oanmpda ca d bift idveefsi.ned shape is formed b
mi xXture byssningxi &lheprcempact is then sintered in recf

produce a fi#fiisoahesthedr ssemiereds panteadht pr oseetBE-ge N g x 6 & |
2. The powdeperties, t hemaechgair ireane n p ;na panretdi eptabret f  asnid
investment costs set the demand on theseeal seonfiattihwe

primary 2i,ntbher.est |

Annealing and Mixing Green body

Powder

r— —

| ! l

» Atomization methods > Uniaxl Die Pressing » Reducingor InertGas
» Mechanical methods > Cold Isostatic Pressing » Vacum

» Electrolysticmethods > Hot Isostatic Die Pressing
» Chemical methods » Metal Iniection Mouldine

Fig.:. 2Chlart of processing .route of PM



2.3. Classification of powder properties

The further processing and t he fpiaratl apreer floarrngaenicye ionbft

the powder properties which can be described by its:
T Shape (irregular, spherical, etc.)
T Size and size distribution
f Structure (dendritic or cellular )

1T Surface (chemistry and topography)

Therefore tailorfpng theséuptbper presessing stages is
i mprove the final mechani cal properties in sintered
be fulfilled can be summarized in
T Homogeneous mi cprroosvtirduec t ugroeo dt of i n all properties and
T Clean surface in term of oxides to provide good s

T Suitablfeoshapeertain shaping technique

T Appropriate size for enhancing sintering and tail
I't tmube emphathhiaet c hdih@ewdér propreaotimalsl  based on co
since many factors, mainly restr iogptoesd thiyo np rtdoddecatciho no tr
2.4. Alloying elements and alloying methods for

PM steeldiwdiaahf eyent el emehit,s.Mol,r aadlid i ©Omaat g, t he mos
el ements in the case of structur al sintered compone
el ements isntBBisteel enitmggsettrheenrg tvhittyh olfow hsetiab sleispect i

that can be reduced at sintering comMowelienm sr é&cheant atreen

year scotshte of thesesiglnenmenctasntlias i ncreased [ 8]. Theref
mor e ef f ecteil eensdaritd rorgyd ng. Cr and Mn are attracting mu¢
they are <cheaper, but also yield hi gher hardenabi |

hardening tiTédat mantn [cDln.mmheseeghedtent s nisytheioxlyigeh
which | eads to the formation of thermodynamically st:
sintering condititdre.frofadgntomed raohhrdde oxi des dubhriighhg isfi nt e
the sinteringtcaddiutsiteerd® pard@ prd gafBondue tspeictisali rcfalsu

on powder compressibility it is added in form of admi
There are three major ways to introduce these alloyir
Admi x:iTmge al Il eymiemd se are added to iron based powder in
this way t he base iron powder i s unalslud yesd iwhemi gtt

compressitiiel imiywtafr e. The disaadVamtregdssmefcopgih® omé ueE
due to slow dngfebkéementd, apdbwadr | mpgsesgdbtiilony to use
higRknsitivity to oxygen.



Di ffusionlmondiirmg method the el ement al powders are di

duringiagnealocess beéopewpeessiThgst hfifeecs e drse gmitniomi

Howeye¢he compressibility i s slightly reduced and
microstructure that is still better than admi xed mat e
Pr-al | oiyBontgh me matbhioovreednet hods do not provide a homogen.
el ements in the-adilmtye mgd opa@&nrtcomesethis disadvantage.
except car bon, are added to the irohomehde spooliudtri otno
strengtthheeniocnagmpr essi bil ity is reduced.

2. 5.-aPreyedgpowdeald fabrication met hod

Pr-al l oyed MPMwdieemai aly fabricated by atomization proc
met al stream is disilnetesgrtaheaetd s oltiodisfmalrla pdirdolpy befor e
each other or with a solid surface. This is done by
structure and the surface properties of the p@pomwder s
availability of oxygen during process, whereas the

geometry, atomization mpesauuf2media, melting te

Pr-al l oyed powder patoadmiczat iboyn wiaz echaracteirbuteidomyotfho
all oying el ements, i rr elgiungarr asthea p(el odw es utrof ahcieg ht ecnosoi o |
oxildeyer covering the powder particles due to the pr
amount and compositi onngolfy tdheepseen doexd doens paarret isctlreo si z e
Annealing under gaseous reducing atmosphere is there
particularly iron oxide. The main advantages of wate
shme that provides the necesstalmparnme cchansi ctah ati ng weirtl ak

pressing technique [2, 11]

Nitrogen, heli urheambsdar gigaredamii matgiacn met hod. The pres
gases (water vapsuntheoxeygper, a@toc dedi which results i
obtained. Neplert ilapdele sh t he powdmrodlplaotwsi ab-ps e dsEn@.
Hot isostatic pressing and met al i nhetclsod n-painkoly@éidng
PM ss$mpewdperroducediabyoymgasati on [ 1, 2].

2.5.1 Surfapeabkoded PpPBMwsdseeel
As it has beeine mgmréiyerde gPdw dparr@ e lu c e d -abtyo mni azt astricoorv e r e d

by an inhomogeneollse soexi aleisddsayaeat as obstacles that &
the contact payjfsrteidculcetsi.onT hoefr etfhoersee oxi des is cruci al C
i nvestigat i-alnl dyleddq powiddrl oyredd Mo wder seh ooMst ytphees prfe s e
sur f acehoomxoigdeenneous thin iron oxide bayétac@éb6spme¢ri cakvle

shaped particulates (200 nm) ¢ hat e wileheet ®nipcohs iitri ot rod n g
particul atset roxnigd s diegoemddeernots baompon and MmMagubk&oW®Sr i ng.
high resolution SEM image of Astaloy CrM powder wher

powder surface can be seeinmntghEhbe maidesonsetmei egatadb



demands on sinteringecamdi taitano s(pthempar ageumpae il tsit arb)l .e
oxides require higher sintering temperatures and mor e

Fig.: 2Hir2gls ol uti on SEWMGCO mMaPMo-difr ey e owtdeeea| psahrda wicrd ¢
presensmalblff ceurofxa de particlul ate feature [ 11

2. 6. Mi xing.and shaping

Pr-al l oyed PM steels ar ebrmicxaemd wintdh aglrdagh ivtees,. 1Au homo
therefore required to avoid agglomeration. Due to t

powder saursfpaecce al binder camahpéi aeded tbegdoaltedr smir X

procéB%Sganas AB, Sweden) . I n this way the graphite ¢

homogeneous dissbkeutsiiomm edunignBisg &nh3awsc etdh d 73dopfpear anc
admixgedphite insi dWhetnhetmpriesigd endweghc,arbon activi
graphite starts and reduces the surface oxides to a
carbon ditwos dlaktei o ace.

WD = 8.5 mm Date :23 Jun 201
Mag= 2676 KX ppr_ q500ky  SowAziniem

Fig..SEM3i nealgeews t he typical appeariambe pbr gs a




After the powdeerdinei xciasvrietoyip dictt ¢ th t o its defiomeed shap
uniaxially moving wupperbuandg!| oWwer cpmpabésonhn 7 he pow
mechandeé&blmed and imiteidl dekedd ngse® formationnof sol |
or planar par tTihcelsees ccoonrttadccttr pll @ayi m tvhe sintering stag
areas for nucleati-parf@aindl gTbet kmapb2] coeacern of influ
oxi des of powder eidn ttoh itsh es teangt erxaipdpeerde hssuirdfea ctehe cont act
heati ngt hset aigreon oxi degl wi bk par {caiihy st weduucead | foiwr sth
particle makekiphn@acep whileenheappsesdduaki od&i tdwie | n ebcek
i sol at od oteemi ng at mosphere. drahtiisve ni mpuaicaty d deappime ctko ¢

dur i nlge athieng stage of sintering.

Part i l e/ nparticl e

Fig. 2.40fSimemal ocking mechani sms between powder
contsacitn compact.ed materi al

2.7. Thermodynamic stability of oxides

Ther modynamic <calculations, basedepnablsd andardeet €r men
relative stability of met al oxi des, and thus the r
temperature and thet waermns saxiedibzail mggcirde pped)ip(C§ gaamsde s ,

p K,0)/p(H,) [10] . The variation of the standard free eneil

number of met al oxi deEd i nRibammad $ caeddi Blyeaames n $U3H 1
oxi des which are easei Ityopr eodfu ctelde odcicaNyirGam, sl et &lelOe a
oxides at Sib® MnQ tgognd Cr

Di ssoci atisoacofsoattadera@aantiroen M 1dene owehées,@me t M| : oxi de
2/ yOMemm—ox/y M + O (1)

The standard Gi bbs free energy change is then equal t
gGU = 2x/y GHiZM @)clim)o

Heneg®BU-RT | n K (3)

Where R is the gas constant (R=8.314 J/ mol K) and T i

constant and for reaction (1) is given by

K (M)  %)1/da’'¢ QD) (4)



Where (a) are the acti wiktei @d aacfe ti meh eahaetbigeiamtrcyt e ooftnh @ dTr &
and its wnxideswhereas for i deal gases theHaptevity

equat#becomes
K % ¢ (5)
From (3) and (5)

p(® = =pGPRT) (6)

Equation (6) provides the possibility to determine t

shift the reaction (1) forwar ki (hmgéeéRduchtairodns)o nolrdsidagga kawna
hascal e COp¢CO) (at®)yp( B .

2.80lid state sintering

Sintering providesquihmednaelal emer gynter particle bondi

particles and hethrcendgtnpr ofv et Thdeecdrmpvaicitg f orce is the
surface energy, riemal fred dyrfdeceeatki s i s achieved ai
the solid state diffusion is high enough to allow t
mechani smoofmadi nghef metalurpacei di eBusairen, ewaipor ati o
vol ume diffusion, grain boundar ySiditfefri smigoms tamgde wiamc d
into three stages: 't hwehiicnhi tiisalc hsaraagcet eorfi zseidn theyr i fnogr ma t
particle necks. ilsntreagrcahed iiiaatedek ndstyavgee gr owt h  of necks |
shrinkage and grain growth. This result in the reduc
i nstealche | ast stage is the cooling stage where by

obtainded?2]

2. 9. Sintering processes

During converting a greantbacdynptactt ueed®Eii gebewdsr ee s
schematic of a continuousvimésh hleetdifdleacimmnegyi sguramad
cool | h.g]

AHeatir Sinter.i Cool ing

Tempatur

Ti me

Fig.:. 2Sctheimc of differeanhtsebhagdd mesht ering fu



2. 9Hdating stage
The compact enter i neg ctohnet asiinnst eorrigriagdref cu Maudbtr e oclannbir ioocant

and binders m€&€l tandelevvapdb@te/ decdinpbe &5 0 @thvee ema pdDUT
species which are usualj ycarimoxtgi exacfhem€oamn«i @k CO
vapour and other combustiom pheddatrnnaaere bpumg@aed ad unto
process could be performed sepfaurandedryi ngr siimte®o mmnign Y
The main factmirrse tahmt e fdfeitceirelnubrriemdyVv aoln @frodect s ar
temperature Idrionfgi | te mMpeweat ur e and heating rate), g
compositi]dArf t[e2,-ltthler idceat i oxi, desur drmeer eidnutpardt t ol @l h e awk :
andg aron di sd$ ol upalkeeo e . Gas atmosphere and admi xed gr
agents in PM steel. The most ¢ ommgpan dusdeude gtacs elpiugsh roed
explosion iigk abupulb g ,.Mheeaef Wi tchreeeNlauyc ta fon coef itrhoen s ur
oxide |l ayer on the ,pawdel yspdnespiepeetirense athyi | Ht y ainndt o t he
thus the green density. Il ncreasing temperature on th
devel opment s.ofl nt hgee nneercaklb yt,liHs 1 é ani ¢ teido mt s. h iHgphw etveemp earsa t

the temper astsuraendprgagarpeni t ec dbrelcotmeesr malt isn eéidau c tiiso ne vsitdaert

by formation e¢ofn C&®Ot mgdp h@Q e. Thegr efhoer ea tnmoonsipthoerr e ¢ o1
p( D) (B andp( CHRAELO) i s fundament al in sintering proce:
decarburization. Increase in temperature increases t'l

carbon eventually di ©s el wés tihe wluycstmaoor iioafd iscuartfea cree do x
fractogr aphFic@basnhaolwss i SEM I mageseafed spdploe LEKNABMH

at mosphere. A d smthtee f-p agtubdexd reect i ons s30GC tamddioskest o
when heated to final 1ldiz@wkri egt hemepmarateiualee sdannect i |
70€8.Thi s i ndiacdatresduct i ont okkers uplface|[axdwBe 7400 8, 14].

J
<
P S

DS 88 = WD=85mm  osezoa = Smm o -
Mag= 250KX  EHT=1500kv  Sowhsinm

= 2]
EHT = 15.00 kv Mag= 250KX  EnT=1500kv o<

Mag= 250K X

Fig. 2.6: SEMofrabetogpaphmea) 02 a 0(emCot@iCd ¢ C 2Ng/n1%H,.



2.9.2.1. Reduction reactions
As it has beexpnanndenatdminkxeedd, g aphite are the main redu

reductioochy sHt hreecaucgthi on .
U 2/ yO,Ms ) ¢ Q Jim—— 20 (9) 2x/ly M(s) (#2H

The reaction takes place a¢C laodeta@ippraattircal aetl we er c
component surface.

Fig7slows the influence of the sintering condition o
Much better control | ®duraitmgp sgpihretresr icrogndiint i dinl at omet er
iron oxide | ayer reducti on, -peavritdiecnite bnye clkest taenrd deexvteelr

carbon dissolution (bainitic,michoghratempirediinhgeT Be i ma
oxidation ¥O)lpeWpirmg ip | ow arhce roexd uwet itchmtofmi ght f or
the sample during the.heating stage [3, 4, 8, 10]

- i, k‘ / h_ :
Ry mag= acokx T OSom csue R
Fig.7: OprndcaiMrographs takedgelhes statmp | telse heat ad
di fferent sintering condition showing the influence of rec
by ,# (a,b) theatsadnpilre tubglbHianmecep addl, t he sample heated

dil atometer NETZCHOBJalt nlo0s2pth eirne Ar /

y i Segp——
10 pm* WD = 8.5mm Date :14 Jul 2012
¢ L — Mag= 4.00KX  gir_ 1500 kv S\:nenlAﬂ:Lens

The reduatriboom byt act i n gac c(o8r)d dtinhcieee i ot thh eEr mawhmer educt i
temperature | <DHD)gh aeacouglmt e the graphite. However

i ndecitr ecarbothermpl (®)ubéecomesE the maiWitrhediucei @eas inme
temperature the carbon activity increases and regenert

with remaining graphite (eq.10) [8, 9, 10]
U (27 yO M  + <emm—r (2x/y) M
i (2/ y0,( V) + 2 Cpmmg=yrs— 2(9) (9) (2x/y) M(s)-

10



U C(S) p(+CyCmm— 2CO(g9)

2.9. 2. Sitmtgeer i ng
h

At this stage the part is held at constant temperatu

i nsure efficient neck fobmatidossadhdthomoddne®@us ca

2.9.3. Ltodwgeng
The desired microstructureoolsi ngbtaacicnoerddi my ¢ ontQ®T | @

respective PM,aneteher Homporrtrant aspect durpaoatgaktoiol i ng
l ow in orderectao bprmihseamixowati on of the components. No

for cooling [14]

2.10. Crystal structure of graphite

Graphite has a hexagonal structur e. Graphene | ayers
carbon aiteormomdttihc | ayer (basal plane) is linked throt
bet ween |l ayers is |inked by vara#termnnWaalasym kalsd $§ ywlbiec

gener al graphibe desocittbsegsbah(ldmr edkce eof ordering (I
i ntlearyer s phicg.fgl6(]al)

(Lc)

Fig. 2.8: Grapghiytsd adtlriucet urLec;) , degr et agkerosparci

2.10. 1. I nfluence of graphite properties on carbon ac
Nowadakhiere are differemt tdhradnas keft . ggSagideiact et doe @fr otclee

i s primarily bapedtioms thmorphpol ogy, particle size,
contemt)gener al the wampér ataurbeot &Eq .ma ( 8 )q e d)asddt)aEotn
indicatesi drheofr erdauscitdual surface oxi des.

Particles morphol ogy

Activity of carbon atoms in graphite is higher from
basal pl ane. Therpeotwadfear epsamdtwor Ibeds@kyact i ve than the coc
Fig.s2ows different, g(rea)denatfurgalaphriaphi te with flaky

Fig. 2a@y@hphorecoar(sbe)ypefgraphite

11



with coarsles,shaBpe 19]

Si ze
The activity of carboniincrg@gmaapimigt d hies sprltafmced sliy f ac
|l eads to higher disorder st ysumalulr eparnt iactloemisci zsecsa l per. e

conrcre as they tea[dlTo Bhggl DWMler at

Asltont ent

The influence of taetiaswiht yoni ¢ heee geamrdiomg on t he compo
physical di stribution of the ash particles in the g
particles, its influence on carbon activinfyuiesckowf
ash on carbon activity comes from infusged easHt oirn cqamrad

activity [19].

12



3. Mat erEixpler a migkentt vapl

3..Materi al

Wat er atomized -at el edowdekhn ofuyne aansd AMa pft oyi €etM by H°g
AB, Sweden, was used as the base powder in this stuc
powder materi al is given. To provide thanumbmer refd c:
carbon sources prov$wietdz ebryl ahldMC Anteerl®Ay intt ihleit 2 €ed ,gr mam
powders (F25, F10 and KS4), natur al graphite powders
(ENSACO 250). The characteristics of these powders ar

Table 1. Nominal oshée¢mionalli oomp. %) of Astaloy Cr M unde

<0. 1 <0. 03 <0.01 <0.2 Bal

Tabl e

2: Characteristics of graphite and carbon

Nat ur 3.

Natur 3.
Synt hi0.
Synt hi0.
Synt h0.

Carboi0.
bl ack

0.1 0. 08 4.0 10
0.1 0.06 2.5 5.1
0.1 0.11 150 4. 2 11
0.1 0.09 80 2.6 6
0.1 0.07 2@. 60 1.2 2.

3..Experi ment al

Three basic

anal ysnerdasei v edpascttaget esi(z e,

( DSEM)

3.3

alSpeci mens

graphite

swebho®nesalunateed .duAlilngf itvhei ss tsatnuddayr d

Experi ment al

prepbhbgt CoM was
mIr a ccka.r bbme

evaluation of the existing carbon

graph
mor h @lid gy ) swtainlnii mign gl ectr o

evaluation of tdr sewducésg abil

mi%x &Ko nwil tutb e0 .at dwto b i vant

mi x tauxiea lways ctohmepna cu reid -natt c6edMPa

13



Charpy test bars with theb5 oninm oWiSHh@ 5d7 5mle)n sa mdh sg r elednx 1¢
g/ éamt H°gan?@s AB, Sweden.

b)Dd ubrichti epeci mehsbweatatdddWwi th a constand¢C/méati ng
for 30 min(filmwpdtenN fl owing atmabphaterynt Eme e€hbrn
speci mens were rabiddwy tdhodliegd ddiomnwg rpuree N

c)The interrupted: sweimtercamgrited ad gt in two different
was performed in an Entech Utladodbameyet ubt #8r mamce Tt
admi xed fwirtemtdigfr ades oPGQH#FAphliOt eafdPA®Br e sampl ed t oc
after head¢Ci, n gd0t0on d7e€101a20d aft er sdéCntfeomri e aarti migl 2r0at e o
1€/ min was aN/pPiH,ead . moBrpyhere with the flow of ~ 10 | /n
at mosphere. Before each sintering expefMhmemstpetchenehsr

were rapidly cowlied sigmg fpowerMdt e.

The second setwad parpfearimedtf or el li nspédiameometatr 9eCd
402C. Speci mensc ardomonx eldl awikt hweira di | apoee e@E&@eGd0O0
112D as wel | as &i rMftoar e3d0 arti n)1L20Every speci mein awas pr

constant heate&Lhmi m ait%H, @&tf mdl€0p twa téhs t he~ f2 OV ndfemi n.

speci mens were rabidly cooled using pure Ar with high
d Analysis of interrupted sintered speci mens

1 Metall ographic evaluation (microstructure, carbon d
and etched with 2% nital &€ oandcda®@t e %s amplaed 2% PO C
samples sampl eadndats ilt2¢glr & b ra t3 0Inili 2n0.

2 Facture surface was studied on -thet fuachgr édgbampl
scanning electlL&E® Bieomi oscddBeb0() combi ned-r wygn dl yEsniesr gy
( EDX, | NCA Energy). -Ppavelopbeemtechs$| tiiokrie,de di ctormplowst i
mor phol ogy were the main focus of fractographic analy

3. Chemical analysis (carbon and oxygen content): w
H®gan?2s AB, Swedenho éeéwabuaCandh® cbhabhgegfesdsri ng p

14



4 . Resul ts

4.1 Analysis of the g)yaphite powders (DSEM

The foll owho®sEM gurages for different grgedes.al Thee hgrba
a flshlpe with differ emrecsess aisn Bhigdvtn4a md t hi ck

Fig.4. DSEM i mages of diff.erent graphite grades

15



PG 25 has a flaky shape with the | arF®Reés th atsh incok nee shsu |

struckt@Qlroe and F10 are comparable in both size and thi
coarse wh&lroeamore fl akysh&fd wialhyh ethes akiysti ngui shed fr
graphite grades. It has the smallest powder particle

better homogenous size distri bRitg.onsgthodfw g rSaEpvh iitnea gpeo wic
ENSACO 250 ( c alrhbeo ni nbalgaec kwa.s t aakcetne df rsopne ca nceanmp As seen
4. 1t.h2e car boMSAC@CcX5Q)E exhi bshapeapasrphecrliech.l2iwlinhg up t

presented in | arge aggl omerates.

200 nm* WD= 75 mm Date :27 Jun 2012
Mag = 52.71 KX EHT = 15.00 kV Si:rnealA=|::ens ﬁ

Fi4g.2l: SEM i mage 250 cBaNSACO bl ack)

16



4.2 Metaylograph

Interrupted eCi(@Ntl¥M,)i ng at 700
Mi crostructure anal yee § oda fsnpheecai tsede suppr etsoe n740e0® . iln akhidg s

4. 2TRe i mages were takennd reodrg eb ootfh etpheeca Icheenstarnep Faes t he
no indication of casoliompedisdebBiogodabdnPreumt her mor e
the individualurparcei okedeandn be easily distingui shec

'y}
[9Y
[0 o
o @
=
o
m
[Te) [l
[N o
Lo
m
z
(92]
>
<
,,. ;
‘4
o

Fi g. 4Mi2crlostructureheb&t egetiomZMOegE except ENSA/COHZEXNBO i n Ar
(centre of the speci mens)
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PG1O

F10

;$ﬁ

ENSAC® O

AW, S

’

hve a the o i tfid netNe (HEHE xccaer pbto n

speci mens

of

AMi2c.r2ost ructur e

S OUl

mens)

of t.he speci

(edge

ENSACO 25/01 H¥D I A

g.

Fi
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Interrupted i rf/tNBfH ) ng at 900
At this tempematuopnetrpetut éti s sr eagdinsikkeerde dFFAIOr,a sch mp | €

KS4, indicating thads <taarbtoend diwlserl ewd dsdid2im iannadc tH 5% &
t emper,atsbereg23. 4. The amount D6 peambdtedbdgbebfosphbei mens
sghtly higher t hnatnrodt hap e caitmetnlse ime al IskieddrfLdheases
di fference pearalmotuentf corfmat iFAlm baentdwekKeS¥ H Gl Ohatr db dtoh di s
the cedtedganof ssanmsptlaege.at t hi

[Te]

N

o v
®
[any
o
T

7o) L

N o

L

<

2]

4

Fidg.2.3: Microstructure of speci memesatwed htiani, M @gE&nt gr ade
(centre of .speci mens)
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.é'

JJ’&

¥

s

=
V\.
€

PG10

F10

Microstruct urwi tohf dsipfefceirneennts peatdedofioly.p & HE(Ca ceg e

2.

Fig.

sp.eci mens)

he

t

f

(]
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Interrupted i ntAsH)1MBI Bt 900
This set of experiments was done wunder C O rcdhistei,ons w

carbon dissolution was reepdgi KENSr 25850 .f oAs aFh AR mipre etsh e x
amountpeaflitevaorshadyet | yohi S4 thanoOfomruFibemramar eeG
conmprabl e to thes el g4.iRU2S5 caansde , P G2r5a oséhsoppe ar | i t e f or mat

the edogewamplFeag.&bainite formation was observed for a
250he extent of bainite foomattiedn fiolP GEKBdr, LHLIBR g FAr5d e |

o T
N
®
o =
o o
0 T
-
N o
Lo
m
z
"
< >
n e}
x o
N
(6]

fheataed tiam bPAMHgEIolur ce s

Fig. 4. Mibrosofuspeciemens with di
he speci mens)

(centre of t
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(ENSACSEO0)

Fi g. 4Mi2créostructure of speci mens Wwietah edi ftfoe PAMHEETcBr bon sou
(edge of the speci mens)
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Interrupted ss«€E nf/ dMH,)Ng at 1120
At this teamprirtae uaed tmarctsei & modmmtr mat i ont wereenobser oé

the samplescdobon hgosdidggs”2. ENBARS50 shows different
possibly caused by | angeommartensi wetbonteeht

Fi g. 4Mi2c.rfostructure of speci mens wietah edi ft foenrd/d2W%Haxbept sour
ENSACO 2501 MH¥DIAr (centre of.the speci mens)
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Sinterinf@ @MY% 2f0or 30 min
Incasge in the amoiunntc omapratheenasbietdet sampl es

1120 ¢NQH for KS4, F25, i rrFsliOgndinid c@&4 6 ,
whereas ENSACO 230 nohacwahopEn® see

Fig. 4.i¢.r8structure of fsepreec

24

wa s

was

odbts er ved
observed

N tmecnasr bag rt hs odui rfc € Ng il oed to 11

30min, except ENSA®BMDIA5J ciemtAre of .t he speci mens)

-

£
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4. Bractography (SEM+EDX)

I nterrupted ODierNt BfH,) ng at
The fractuf¢erteherefnaaces of samples) at different magni f

up ®WOAC are pRiesdedBand.BRor as$pecdihmemsture surface okt

was rough. I ndividual powder particlddasstamdgui ebéed &g

samplFeg,. 3. The presence of graphite or carbon bl ack w
sur falcese hedget bFampl es that can be Bsumdl am Aeppehdi K
obtained fr omé hsea ntpéiretsree Wafs no i ndicati ons odf ctalhdon

i ntparticle necksordevdl acpmadmtnh isssu svicezlgle.

20 ym* _ R WD= 85mm Date :8 Jul 2012 w
l ' Mag = 1000 X EHT = 15.00 kV Signal A = InLens

Fig. 4. @ether al appear ancref ande tdhfe tfhrea cs pue eettroedin7 O OReCCL Oi¥h
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Date :8 Jul 2012
EHT = 15.00 kV SguliA = nles

= wD S mm Date :8 Jul 2012
fref  Mag= 400KX g qo00ky  Sewasinlem

WD= 85mm Dale 16 Jul 2012

WD = 85mm Date 16 Jul 2012 "
I l ) EHT = 15.00 kV Signd A= InLers

EHT = 15.00 kV SignakiA = InLorrs

Mag= 400KX

Mag= 400KX

10 pm* WD = 85mm Dat :122012
'1-'_| Mag = 4.00KX EHT = 15.00 kV Si:nilk: I:":ons

Fig.3.2: Fracture surface of specimeasedai tibn @ HgEr ent car
except ENSACO1DBDI Ln(Aentre of.the speci mens)
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Interrupted i rf/tNBfH ) ng at 900
Thendivaduakl ps and théiso @ggl dbmerddtsédd ngui shed at th

as the pofesgemaphite for Rildg. thrA2e3t ha shermhadheceed net wor |
i ntpar taacdreecti ons were only observed ati ntdhe a¢émtgr & h
reducttiheeur é facoex iidregsleEysg4. 3and. BPG25 anwema@% I | inacti ve

this temmpéar atumoes pher.e Tehabkig@ist iodn sslpew i snegismfsr caaeament

in quality angaamoeht efoninmtcei onsFifdgo®.all three case:

20pm* ; : - ~ WD= 85 m ‘ Dt :Ju102 w
] Mag = 1000 X

EHT = 15.00 kV Signal A = InLens
Fig. 4. @eBeral appear ancref adfe tchfe tfheachmeadciedeun oNDPAIHEHC i n
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Fi

2 pm* = WD = 85mm Date 5 Jul 2012 a3
] Mag= 2000KX 7o 4500ky  SowArinlen

o Dale :§ Jul 2012
Mag= 400KX EHT = 15.00 KV Signa A= InLenz

10 pm* WD= 85mm

WD = 85mm F
| E— Mag= 4.00 KX EHT =1500kV S A=iniem Date 15 Jul 2012 FZB

EHT = 15.00 kV. Signd A= InLerrs

.2_“"'_| Mag = 20.00 K X

WD = 85mm Date :5Jul 2012 f8
EHT = 15.00 kV Signal A = InLens

10 pm* o WD= 85mm Date :5 Jul 2012 2
f—— Mag = 4.00 KX EHT = 15.00 kV Signal A = InLens

fE__y Mag= 2000KX

WD = 85 mm Date 5 Jul 2012
EHT = 15.00 kV Signd A= InLens

WD = 85mm Date 15 Jul 2012
EHT = 15.00 kV Signat A= InLens

2 pm*
Mag= 250KX B | |25 o= 2000kx

g.4.Brdcture surface oferstpegi ander sofwi grhaphiiNt/el H¥% at ed

(centre of the speci mens)
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ig.

[l WD = 8.5 mm Date :5 Ju 2012
EHT = 15.00 kV Signal A= InLens

4.

Br&cture

surface

df hepeednemN IBIEIE eKknS re of t.he speci

g.

4.

Bré@cture

sur face
(edg

of erstpegrn ancde so fwi d ha plli iNk/el H¥® at ed t o
e of the speci mens)
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