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Executive Summary
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Abstract

In this research, effects of annealing and destabilisation heat treatments on
microstructure and hardness of the 28wt%Cr-2.6wt%C high chromium cast irons with
lwt%Mo has been studied. The experimental irons were cast into a dry sand mold.
The as-cast samples were annealed at temperature of 800 900 and 1000°C for 4
hours, and then cooling in the fumace with a cooling rate of 40°C/hr. Destabilisation
after annealing was done at temperature of 1000°C for 4 hours, and then air cooling

TtoTTToom T temiperature; T MICFOstructral T investigation " was performed ™ By X-Ray
diffractometer, optical microscopy, scanning electron microscope equipped with
energy-dispersive X-ray spectrometry. Vickers hardness was tested. It was found that
the as-cast microstructure of the reference iron (without Mo addition) consisted of
primary austenite dendrite with eutectic M;C; carbide. In the iron containing 1wt%Mo,
eutectic carbides including M,C5 and MC (M = Fe, Cr, Mo). After annealing the
microstructure of both irons contained secondary carbide precipitated within ferrite
and some of pearlite/martensite matrix. After annealing plus destabilisation, the
microstructure consisted-of secondary carbide precipitated within martensite matrix.
The ac-cast macrohardness of the iron without Mo addition was 507 HV30,
Whereas, the iron with 1wt%Mo was 526 HV30 due to the formation of MC carbide.
After annealing al 800 900 and 1000°C, the macrohardness of the iron without Mo
addition was 425 602 and 564 HV30, whereas the iron with 1wt%Mo was 551 707 and
661 HV30, respectively. Destabilisation after annealing further increased the
macrohardness due to the precipitation of secondary carbides within the martensite
matrix and decreasing of retained austenite. The iron without Mo addition was 830
828 and 822 HV30, while the iron with Mo was 907 873 and 880 HV30, respectively.

-.Furthermore, . pre-annealing.-before - destabilisation. -gave -the -macrohardness- higher-— - — — -

than that of the iron without pre-annealing, and also decreased the destabilisation

time to obtain the maximum hardness. .

Keywords: high chromium cast iron, annealing, molybdenum, microstructure, hardness
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2.1 muwﬁumqmwmmanwaa’lmmau@q [1-8]
maﬂvtaaIﬂsmauaaLsuuwmwmﬂmumn’LuamamnﬁumuaaLLi WagapaIvngsy

e Luaqmﬂluiﬂsqaswﬂssﬂauma‘IﬂSLmumﬂummmmwuagm nunsidandusanis

dnviseg (high abrasion resistance) ilwfiengmistdiueniuiy nsudnmdnudelasifion

glanBUUsEEEIIIIT IaguasimgsnAm A sAUaLqUA RS s BiR

| o W o = Y & 2 o qw o 1 )
iR EmMsaeumeialnafiatuauTinaasusulden vldinanuaslasidion

P I3 o EY ] 1 5 I = ) . 'y
IRumamnsuengeiazvanazlussianvindg widgwiilvunluiieustv Niagara work 16 -

vnsnaaevaeamannaelasilivugeiainmaanlui LazaasoNdnmanwaeiil
AFuBLN Tﬂammiamuﬂ'smzuwaﬂmmaulmmm 30% dilinisliwdnvaslasidiouge
mmmnﬂuaunmEJLUuﬂLL‘ua‘uaamaﬂﬂmLmqmuaaﬂﬂaLm‘nvﬁ’lﬁmaﬂumamm w1 Faue
wagudeinge mafmaaIﬂ3mauzgwmﬂ*ﬁmuaawmwmw‘tumuwmmmsmmwumumams
dnusouuuding abrasive wear) iy Tunszuaunsusduns n1suadmiiudum waznisudn
Yutaud ’luﬂ%ﬁuﬁ‘iimsiawﬁmmﬁnwa’aiﬂsLﬁﬂmaadwmamim L sunBnsn gl
wlnvidouiln 2828 feudnaiiiniuau 2.8% wasillasdiomn 28%
wanvaelasilougaildiunsidoudingifusuulslugmnin Afidiunan
sgluraswssesamiluiddiuiinulagdlon 10-30wi% Lagaiuai 2-3.5m%  indnvee
ATinalasidion 12w%  vsdlsagnitgn wiiiouldaulaoildeeildaundalugag
18-22wt96Cr dviutanvaeiiiuiinailasiilon 27-30wt% wavaniuou 2.0-2.7wi% fineg
iluldlusiifosnsilinnumunudenisdnmse (wear resistance) uasnrsfnndan
(corrosion) a1 nstluuaamatiy (sturry purnping) Wudu dwundnnas 30- 35wt %Cr
wlilunufidesnsaruinumunisiinesndniusasmsinnieuiigamgiias 1y Sudi
ysumirn lnglassasaanavsandnvdendguiivssnaudaioslaiiavgmninaaslud—

1 Ly cJU 1 4 = A g
smsgusanuaslasfiongdlalvamniiniiinizgndededl 2 wnesgw fe British

1 =1 ar 1 ar A
Trsilewgs snmspuvdnudelasdieugeesdnguuisosndu 5 wnsa fuaaduasei 2.1
| =4 1 5! < 1 o kg -
dnanasgiumanuaslasiiiougaueseuing ASTM. wweenilu 6 tnse dumsad 2.2

~standard -(BS484)-uag- ASTM standard-A-532dw3u JIS- fshiusngirihnasgrumanugs -



d 1 U
M35f 2.1 dumamaaiiuazanuuiaveandnaalanduugs (BS 4844)

Chemical Composition% As-casthardness
Grade| C Simae | MN Cr Mo Ni Cu | P Hg min
3A | 2430 | 10 [05-15] 14-17 | 0-25 [ 0-1.0 | 0-1.2] 0.1 450
38 3036 1.0 |05-15) 1417 | 1-30 | 0-1.0 | 0-1.2} 0.1 500
3C [ 2230 ] 1.0 [05-15] 17-22 | 0630 | 0-15[0-1.2| 01 450
30 | 24-28 | 1.0 | 05-1.5] 22-18 | 0-15 | 0-1.0 | 0-1.2 | 0.1 400
312832 RO~ 05152228 - 0~ B~ O- RO 0= 1201 400

A15197 2.2 drunamaniivaawdnvdelamidionss (ASTM A-532 87)

Element (%wt)

C IMn| si| Ni G Jmo| P | s | cu
Ni-Cr-HC [2.8-3.6| 2.0 (0.8 [3.35.0| 1440 | 10 | 03 | 0.15] -
Ni-Cr-LC [2.4-30] 2.0 |08 |335.0[ 1440 | 10 | 0.3 | 0.15] -
Ni-Cr-GB [2.5-3.7| 20|08 | 40 | 1.015] 1.0 | 03 | 0.15] -
Ni-HiCr [2.5-3.6| 20 |20 |4570/7.0-11.0{ 1.5 | 0.1 | 0.15] -
129%Cr 20331 20| 15| 25 |11.0140 3.0 | 01 | 0.6 | 1.2

15%Cr-Mo |2.0-33| 20115 | 25 |14.0-180 30 | 01 | 06| 1.2

D0%Cr-Mo |2.0-3.3] 2.0 [1-2.2 25 180230 3.0 | 0.1 | 06 | 1.2

25Cr 123331 20|15 | 25 (230300 3.0 | 01 | 0.6 | 1.2

Class|Type Designation
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auvde 14-18wt%  uarluduguamlaniouTua 25wts  szaauUSunoduduiy

mmu"ﬁaqa wazdamaliuTiuosginadnansludifadu nswanluduitilumanggs
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Iablegnidniosndurmiublnndniadnuagsuinmesdinaudsilfemalnadouls
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Tusgwiamsuvanmdeanaieueniaevnglunsdifduruihihmingu 200 flandu
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ViU (rotary impact crushers) u,avmmnmaﬂwaamummmu BS4844 Ase 3E Wi
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3111'7'1 2.2 \A¥DIUALATIMId TN TN {impact crusher) mﬁmmmwﬁﬂﬁda‘lmﬁauaq (12-
33)WL96Cr-(2.4-3.2)wi%C-(0.1-3)%Mo  (HUA 1971 nwww jyscrusherparts.com/project/
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—2:2- ldlaesunsuvesszuuman-lasifies-asuou [7,9-14]
p=| 1 = 1 =
'Sﬂ‘i/] 2.3 LLaﬂamuwaumatﬂmaamé"ﬂwadm uﬂuaamumm'ﬁmu ASTM A532 ’[u

‘ZJEN‘S‘LJVJ 2.3 f\]uLﬂﬂIﬂiQﬁ‘J’Nﬂmﬂﬁﬂ‘?.IENEJEJﬁW]ulumLLauﬂ']'ﬂUﬂ M,C ‘meswmaﬂwaa D,
HA, B, C, D, E uag A "I]uLﬂﬁiﬂi\iﬁ‘i']\‘!&uﬂ"/lﬂG’Iﬂ‘UENE]E)ﬂL‘VI‘lﬂ‘[JG]LLﬁuﬂ']ﬁUﬂ M;Cs dumanwise
= o = L o a $ |
e 1D Aivinalasdlougaindunsn IAC andngmniinvesanslud M.C, Faunsdiuas
“ o ¢ i 2w e qg¥va Y ¢ o e =
Wasutumnslua MsC lusgwhamadud viliialaseaievesasludguidndgaasiivug
dandamsiug MC Tuinsm 1AC vilsmdnvdawnsa 1D Hauwmitlyigendy e
Tﬂimauawmau solidus audeulumsdeile was Uimaums‘uau‘iumu‘lmmmaaamu‘l,um
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mé‘ﬂwéaiﬂ'sgﬁauaaﬁlﬁ%’um's‘i:ﬁmuz*i'mlmgﬂuLﬂmmulaiﬂatmnﬁnﬁﬁé’nmau 10-
30WL%Cr Wae 2-3.5w9%C feglutnsvaalaesamulud Fauandluguil 2.4 manwaaﬂauu
mattmmfmﬁﬂmiawva“mmﬂumume%aaaamulumﬂﬁunu AUAWYNINANYBIBDANY
Lummmmnmnmﬂm M Cs mnm‘swnqm‘ummanwaammuwau 30wt9%Cr-2.3wt%C
Tuzu 24 Buannsiadueulasdveseemmiludvgugd Tusnmisafulasiiouuas
“AsusuRYgnRanaEn ﬁﬂ‘iﬁﬁ”ﬂawzﬁﬂ%mmiﬂmﬁauLLazmiuauqaﬁu nazindeuiidrgyn
ginndin (U;-Uy) amnssﬁ"aqmmﬁaﬂaqﬁaﬂﬁﬁ%mgmnan L2 ¥ + M;Cs) aziinlaseaineves
gwindin (eutectic structure) Aagmniinsaamuluduazamninaislud M,Cs sewinausuny

1a36 (interdendritic dendrite) Tevepaviludzugll nswdwhvedansozauysaineuss
QIgn U,

dmiumanvaeiidunanlugag 2-25w9%C uaslasiilounnndt 30m%Cr s
whateslsausigdl manwaanqmuaaumulﬂ"lmumamsﬁnma warliannsadinaruds
Tasnsufuaniwisdianufouls nsldluemumdnvdenguilinlflunuiidenisany
dhumusienuiay esnwieslsdiiatissnmnasntasgomndaoudtanii

v luudaisrasvdnasamdnudenidnmealugiiduuulawesgmnindai
T \Raaansluduguadl (primary carbides) LummnmﬂumﬂﬁmuLﬂuwlammmﬂimy' M1

Fusnundonlsng msLvuammmmaﬂmaﬂauuLsumﬂmimmﬂumﬂm M;Cs Uguil vin
lwigﬂaﬂuuUSaJ'lmIﬂiLuamLavmwauamamavmaaummaﬂgmmamnmﬂ (Uy-Us)
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2.3 winvdelasdlongeeaawuiifin (1, 3-7, 14]

wdnvaeiiiUGinalastilonsynn 10-50wt% tazanuon 2-3.5wt% wwgnilyld
dwiukdmuiudniian Riovsdmsuldog wu lunszuaumsiiiaadesius msndn
Y wazluvealvadsvinnvaamanionauviinoyniania Wuky lessnay
fumumsidesdiasammiisaveuninussiaviiasuUsiumuandilunisiing Tnsduag
fuvilauardndrueosiludluilawdn Ussiavnsldeuanaming Tnelassadraganely
anwwaavesdnvaanduinzsznoudoinulasdvdolasadieiliunfnsesesmmulud
Tnofiszviausumilasiesfensoudelnsadsvesgmndnde sznaudasgimninansludds

o ] 3 = o % s ed o P =
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o s 1 = T rd =y o@f ‘D’r
mmumé"nwaa‘iﬂsmauqa Wasadmuluaiinainnisudeiivesilaneanaas
7 ' 'Y = | s 3 | ] =
anANsErIen A lusuunSasnavsasuluiWunnfwulsvivsdiunievianus (Mie
a M ¢ P - a PO N P T - 4 Ve o
naredwaslsiasarsluafidnazdon) wuunRegiivieiisadinAld Meiiuegiulieds
wan 2 @2 taun drunduniwnil wazdnsinisiiudiianizuravesduay Tunsldau
yUneghandnvaslnsaitesamuinnluanvmasanaldauld Weswnesamuludgunsa
o o Tror ° - - 2
uAMndasalasuRsInseyi (work harden) Teeilaruudafinduann 450-550 HV 1
o o Yoy - 1 = o 1 @ .

1000 HV Fasildadunuanudensanuseiinlminaunuls (self-replacing  wear

resistant surface)



<

willasduesedmuludugugil

&

ANRLY 3y n,- l—k. 7

gimninn13luam,C,

givndnaaanilud
P = ¢ ¢
alasuduinsimylea

= 3 : ) = =i
JUR 2.5 lassainsqanialuanwwidevosninudalasilongs 30wi%Cr-2.0wt9%C flseneu

&

v 5 = o ¢ @ i oea o
Maaulasiveseoamuludlgugll gmninarslud M.C, uazenineammuludfiaou

)

Whuznsuuley

g

2.4 winvdelandeugawed3an (3, 11, 13-15]

wdnwdelasilougeiifiusinalasidion 30-35wi9%Cr wazanivau 1-2%C azidadaly
wlladvvoasteilsd Tnowladasduaioslussniunmadud Tnsedmamealudnmmdons
wapvenmdnudenduiussnaudiginlasduaatedlsiuguginasgmndnmslug MG,
swwiwunulasd mdnudeido HBanaeiimnudiununisdnusasuaslianansaims
nMsUFuanndea s ou wiad slsinumdnudenduilaziaudunuionisiin
son@unduitiuionmgligeds 1100°C wasnudenistanieuldilunsnoandlads (oxidizing
acids) fhegnsmsldmumndnudonauil Wu hulssmuiivdueess Tnoldidh@udnesam
wagadavesiuiued (bumer nozzle) Wudy esanannsonusenisinasiniif
(scale) Uag vusionsneam

2:5-wmanuaelasdengansimudAn 1174, 6:7,13°14]
i = o I € 2 ' 5
wanwdelandsugeiiilassairndunvvesdmulud faadumusentsdnuses

o O o o6 & v ar ras . a 0 2 |
ssudsnludesuiulpsandilasnisnisuuanimdaganudou (heat treatment) Lfte
- v g ) v s e o '
wWigulanaiwnseamuludisoulmdumnfimileiaudanii
msvFuanwisaufeumanwdelasifierss Sunnmsiwvdnvdandanisdush
1A = 1 { =
luuvundeiigamniigessving 950-1050°C wisllasdfisunazaiveuiasasaglussamu
v o a EYTN | 13 o : & & ' o
lusludnusiiugadudanesamiludazsenliavarsegld nsunlutuilszSonindandla
|9 (destabilisation)  vilvaniusunaslasdounandieeninyuiuluasiudniond
(secondary carbide) Wumsaaviuamsvenlusoamilug vlmuannsalumsgund
¢ = & | v« - 2 ad Y X o =
yasaeamuluifinty nanfeseamuludivisdeuluduisaladldointunielananias
Igsdimilaviavgeiu ndamshdawilawdulunameauns wasddeglitueuduasesis
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sailnenslfaudronndeiivumdnuassuisdudou uidniutusuiiinmumn
nng axldnsyuriiiu (il quenched) Faasvilildlassadranimileviasosamulud
ANANIUNSEIY ﬁ’aﬁy’u‘lﬂiaa‘%’wqamﬂwé’qmsﬁﬁammaLsﬁ%’uﬁlzﬂﬁsnauﬁwmﬂuﬁnaagﬁﬁ
anneneululasadiveunimuloivazesamuludani faguil 2.6

o v ' I~ Y
JUN 2.6 Tassaiaganiaveavinyaelasiilongs  2wi%C 20wio%Cr-1.75wt%Mo ndaain

ar Iy & 9] i = = o_ o I '
m3usuanmonuTeuludnumeenag (n) eungumgil 900°C Winan 4 $alus udrldes

i e I c:’ =] ar 1 o a 1 ar
Thduluennie (u) fMediduiieniv () winhdwegganiandnuusuaensnigay
=, = = =y 2 LY ¥

vaautansluaviendl (1) suneavinll 900°C \Whian 1 Fluwdndeslfifulueonass

1 () ¢ a a 2 J ] =f “
wiuhlaansluimisgiifessnnaniildliviue ) suflgumgii 1000°C Hiunm 4
Falan waldesliduluenig

2.6 N1saudau [1, 16]

I . = 1 o e L% =1 ¥ ar . =2
n5aueel (Annealing) danuysmnefiadaanisiiwingausiias (Softening) w3

o 1 ; . | i f <3 .
weviliméninilentiu (Toughening) dndlwajindnirunistugfy (Cold Working) w3e
nsuaeminvziinnuudaisdunarldasiane ldmsndatelasn FaiSsuiudean

2 5 Py - a Y] P '

anaudsiiemseugou lnenseufueiiigumgll 750-950°C Wuan 4-8 sl udaudes

[Ty 4 e ' i o O B = o o o
Taumubudimelumedisthg nsevgsussyhlbilduvdndiseudiamnlasiaiugania
waantseuseulssnevsneiadinmiluduasiviels vilidimnaudeind 400 HY fagu



11

oy

L l:‘ < ' 5 CJ = 1
2.7 Tpanseugouiigumgll 900-950°C vildidmudanasifigafie 350 HV wazilen

0' 1 1 :} =y =i
Anudainniseudeniigamail 750°C 1iies 15-20 HY

1

f v ' — o
U 2.7 Tpssaiaganiaveandnuaalasiilogs 20wiosCr-2. 5wi%C- 1wt%Mo #EaRInMIs
= =1 ) o 12 T ey &% e i & « (o]
sungamnniing 9 e 4 Taln wandaselnguanuguiietneg 9 (n) ouf 750°C A1y

184-400-HV-(0)-0uT-850°C-AMue-390-HV-(A) BUR-950°C- A Ea-350- HY 1]

- 27 -arsludtumanuaslasidlonge (3, 6,8, 12:14]
giwndinaaslud
ﬁﬁmmsgﬂs'ﬁwaasgmnﬁﬂm%‘lvﬂ“tumﬁﬂwfiaiﬂﬂﬁauqﬁuafgjﬁuehumauwm,ﬂﬁLms

Snrmaiusi 9nn1sAnuwes Powell [14] wudtnsiuuSunalasilouuasasuauasyh

Trgmndnasluaviin MC Afdnvardadonudauiuain M, Mlsidaiilos viualia

wilengetu evinalandiowshni 12wt9 gndnasludenduaiia M Tnsilasidlon

find 6wtos gnndinanslusiavstelilasiuunniiu usdlnsilonegsening 8-10wi9% ginnfin
m%‘l,uﬁﬁ]:,'m'aLﬂaqﬁ’aaamasaxﬁé'ﬂwmmﬂu@Lwﬁneﬁ' Tneslununanady M,C, wasdausaudae

M;C uadBnulasitlougendt 12w%  gwnfinanslusazifuia MG Alisaiiomie
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Wusuy amellar angUdl 28 dewSouifisudnuasvesgniinarsludlumdnnde
3.6wt%C-5wigeCr Ay 2.4wt96C-30wt%Cr asiiuanansludeiin M,C, Tlumdnnde
30wt%Cr sziigusaduuimndamasifugiy daumdludeiin MaC luminvde swtoscr
wiidnuaireiiomnnai dnmilawazanuudsvesaniludlumvinnaslngflougs wanads
3 2.3

JUN 2.8 TAseaing Deep etched Wsuifiaudnuozvasgmninanslud (n) asludeda
. I o~ ot :i " Ci % L
MsC Tuwmdnude 3.6wto6C-5wiosCr aeiidnumsisiaiios () arsluduin Mc, luwdnude
r.:}d b r_'J t% 4
2.4wt96C-30wt%Cr Ridlvundnuassaiionianiy

asludyiegd

oy o 1 2 i = of e b N &t v
mulananudivanvasinadlsugaillasaiaduuueeamuludiaudnmu
sianadnnaes GuunsoUiulpandilasmsvhiantlawdn Jusiiiidemslusyiog
anazneulubivsndvesmlud slnvesensludiogiiuegivdimaumaniivasgamad
o = o | = ' | =Y = =
lumsyindiaweilawiu lnowdnvdenilasiflousdssnin 25-30m% vinvesmiludniogd

I o et I i & oo o ' & | P '
WU MG Falidnuaniliuwisvunadinuassafeniuy dnuvinndonillandoussning 15-

& o = O Y P ) ) \ i a [ P
20wt 96CTPstusvien Tl uie MaC W MyC; MIRRSRZTOTITMT 4 TumanrasTiUsiiTe

=

= [ - ~ i 1 = =f =l =1 =
Tasiflewsih ansludviegilasituein MC Miluwshudadudy Tugui 2.9 Wisufeusin

LH
& o =

' - T 7 TR = Y SO o
warguavasansludviegilundnvdentusinalaniessig 9 fiu

1 ¥
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Ui 2.9 () milusvfenii MuCs Tuwdnnde 29.3Wi%Cr-2.5w%C (@) Asludviegi
M;Cs Tuwdinuaa 17.7w19%Cr-3.1wt%C (a) mstudniond M,C Tumdnvde 8.8wto%Cr-
3.0wt%C

= . =
719197 2.3 vilanazmrmadawesnsludinululaveraumdn lasitey-adveu [17)

Type Crystalline Lattice Specific Hardness(HV)
system Constance (A°) Gravity

a=4.52

(Fe, CriyC Rhombic b=5.09 7.67 =1100
c=6.74
Hexagonal a=6.88
b=4.54
Rhombic a=4.54

(Fe, Cr),Cs b=6.88 6.92 ~1400
c=11.94
Rhombohedral a=13.98
b=4.52

(Fe, CrysCe F.C.C. a=10.64 6.97 ~1000

(Fe, Cr Mo)C F.CC. a=11.08 6.68 ~1200-1800
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2.8 MUdeiiAuadas

1wl auf. 2014 Imurai wazamg (18] ladnvmaveslududiuselasdieganinuss
manwaaiﬂiL;JsmmwﬂsuﬂaumaimmamaUav 28 Tnerhwin anfuaufesas 2.6 Tne
shwiin wasluduiitidesas 0-10 Tnatfuin wivdundnvaslasdiougefiliduluduitud
wdnwaevilalalugimainilaseadrqanindssnaudiaulainvosseanuluduas
ﬂﬁ‘%‘Luﬁgmﬂan*ﬂﬁﬂ M;Cs uaglassanesaumiludursdnudouduinfiniledluszuing
miLs‘Tus?ﬁ wagilaauds 495 HV30 daumdnvaslasidiongeifuluduitufonas 1 lng
dwtin ﬁiﬂiaa‘mwamﬂﬂiunaumUtﬂu“lmmmaﬂamul‘lmLLaum%‘lUﬂmwﬂmﬂfﬁuﬂ MG,

M2sCo 1108 MeC  wazlassainsesamuludursdnudaoudunamilasiussminanisious
wagiimuudadsfud 514 1v30

Ll a.a 2005 Wiengmoon uazan [3, 19] Anwmansaviandlawduluvinwds
Iﬂmamq 30Wt96Cr-2.3Wt%C mammu 900- 1100 =0 L‘Uunm 2-8 Falus wudrmauded]
maaamwammu 1025°C Wuian 4 m‘Im mumammnmmmavaamﬂ 1025°C Aaiudadl
Aranad Lummﬂwamwnummumimnmmawuaamﬂumwmanu MsCe USannitlae dauit
amwnuauﬂulﬂfnvumsmnmnawmmﬂummanmﬂ3mmmﬂ lviUiunmasueuluang
wiulgdanas g Wang [20] siudwmanvas 16wit%Cr-1wloMo-1wt%Cu wdsn1syiifeae
U“Lawfuuwammu 1000°C Whtaan 30 Wi WUNISANOZNOUTDIATT LUAYRENT MysCy sl
Wetamnuiudu 1 $alus aswdsuduein Gy Tuanisdl Powell wag Bee [21] yudn
wdnuan 18w%Cr-1wt%Mo waqmsmﬂﬁmulaquwammm 1000°C et 30 wd
WUASINAENDUTEIATSLUR MysCy WiiTilaan 4 dalasg ﬂzwummﬂumum M;Cs UaE MysCy
Fiilsrand aitd

INNTIVBVDT Agunsoye [22] wu*iwm*aauéauﬁégquﬁ 750°C Whan 2 Falus v
Tmnaudevoandnuas 23wtoscr ﬁmamawé’amﬂmwda 630 HV w428 HV g
Berkun [23] 5189101050V 0UMENYED 27Wit9sCr mamwﬂu 800- 900 °C vilvildmuwda
320-350 HV @1 Kibble [16] ¥uatvwanviaa 25wto%Cr waamsauaauwammu 750°C uay

950 clluanra ‘il"ﬂﬁN Aadailan 370 way 350 HV- mna'mu Gma]“mulmﬁmiauaauw

ammu 950 C ‘ﬂ”‘ﬂﬂ‘lﬁﬂ’)’]NLL‘IIQaﬂaQE]ﬂU‘Sle’mJ 15 20 HV mamaunummmu 750 C

]
~

nsausaufisduiu 413 uay 388 HY iuﬂ 2015 Chen [24] ‘Lﬂﬁnmmiauaau 3 dunoy
Tumdnude 25wt9%Cr-0.8wi%si TnaFuannssusouilgamaii 930°C Wunan 1.5 Falug
uazangamglanni 650°C a1 dalue uasgamaii 600°C Hunan 2 Falue vils
Anuudsanantiu 310 HY

d2u Inthidech [25] Iddnunseuseuiigumail 900°C Wuiaan 3 Falan uagviitaw
Ulawdungamgdl 1000 was 1100°C e 1.5 $Tus lundnuae 26wtosCr-lwtoeMo
wm’nm'iwmamvlaLsﬁftiwqm‘wnvm 1000 uaz 1100°C Aaudsdlen 780 HY waz 810 HY
sdady wenanil Cubillos [26) Widnwmseudeuiigumall 700°C Wutaan 6 alus way
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denatlaveduigamail 900-1100°C i 0.5-6 lus lumnnde 22w1%Cr-1.9wt9Mo
wuhmsihianla wiiigamail 1050°C iuian 0.5 Falas avauddien 840 HY dul
gamgll 1000°C Wua 6 Falua fianuuda 780 MY deazdiuimsevseurilisvesianii
Titunsvihdemdlaigduanas
vnenAdeiimanesiuintedeiidmadermudmdimseuseu fe dauraumandl
qungil uazanfmnyay Jeasvilinmsadsuavessoamiluiidumedlsduazanilud

4 9

Wialdedaauysal dunmsidilvduiiiagiliansudmdniseudeuinguy




Uni 3

ASnrsantiunisnnany

3.1 nivdauazdiunauniauall
o ' = = Y 1 el ) oe a o e
wianuaslasillengeildlunsnasssseneuieminuaeild@uluduity (R) way
= =] =, Qs 1 = =y c]d o= “a &
Waluduidy 1wt%  (Mol) Tnawwdnuasin3suainnisvasuwanfiniiludinndanounay
f ¢ Y = a & g ¢ e
5198Y 9 ¢ viaswamewnirliuiieni yntuwadluluwuurdenseunsinssusniil

[V & = = N R W7 FYERY) <y P
R "'“kﬂﬂﬂﬂié@W§Wﬂﬁ BRI 8T SU-1SUR U T - UaTUans Lméum”m BYNWNIUFIUNRTUN T

3 t ar 1 = F E}
ﬁﬁﬂiULLUU‘lﬁa@V]‘i’lEJLLﬁﬂ\?ﬂ\?g‘U 3.1 LLﬁa‘iﬁ’nJN’ﬁNﬂNLﬂJJ‘U?NLW%ﬂﬁﬁﬂLLﬁﬁﬂlﬂﬂ’]‘i’Nﬂ 31

L (]

= ] | b e ¢ »
U 3.1 Medhrandnrdeflianaisvasluwuuvdensie

of 1 =f 1] ' =l i
@171 3.1 drunananilveandnvaelandeuganidlumsmeaes

drundsnuail (wto%)

widnuae  C Cr Mo  Si P S Ni W Mn  Fe
R 236 27.86_003 020 002 001 020 001 011 Bal_
Mot 268 277 142 026 003 001 018 001 011 B8al

3.2 mMivsuanmdavanuiou
Humsumsuuanmiemdeulasmsihwdniriunvaslunuuvdenseudali
firramunsznn 1 wuiuns nishuyhmsu§uanmieauieu dalssneudents
augauilgaumail 800, 900 waz 1000°C 1Huraan 4 Falus wazudeslhdudaluimegedi 4
(40°C/h) ‘mé’amnﬁuﬁﬁmﬁﬂmsauﬁmmﬁlaLfa‘ﬁ’uﬁqmwgﬁ 1000°C Junan 4 Halue way
Udeglidufiluenia dagu 3.2 uas 3.3 usnniideldinurareaniseusausionaity
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o = as 1 = P o © o ol
msvidandlawiu Insidenmsousouitanmail 800°C Wuan 4 Falus wazrinnvinien
L | =y ar b4 1 @t
Tlastuiigaumgd 1000°C Wua 2 was 4 $alue udvasslviduiiluainis

d Qy @r &l 2 13 1
Ui 3.2 Fuandmiumsuiuanmaieaudeunielumlui Ju Controller C290 weq
UM Nabertherm

anmgd ('0)
A

ANSeUdaY aendlawwdu
800, 900, 1600°C Wiwan 4 Falug 1000°C Wuan 4 $7lua

N

téuﬁ’ﬂutm\/ fusituens

a1 (Galue)

o ) v o o | =~
UM 3.3 nssuumsdiuanmieauieugsandnndelasilungs
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o Y 3 W ar & &
715719 3.2 n1sUTUENIWAYATUSOULaLE vﬂﬂ‘iﬁ:‘m‘“a\?'ﬁﬁﬂqu

%U\ﬂu ﬂ_‘i%";U?Uﬂ'ﬁﬂ'Nﬂ'J'iﬂ%ﬁu
AC anmyivas (As-Cast)
AN ausauit 800, 900, 1000°C, 4 g

ANSOO + DT susaufl 800°C, 4 Falua + faadlawduil 1000°C, 4 Falus

ANSCO + DT auseuil 900°C, 4 dalus + fawdlawduil 1000°C, 4 Falus

AN1000 + DT aussuit 1000°C, ¢ $alus + fandlawwduil 1000°C, 4 Falua

ANS00 + DT2  ausaudl 800°C, 4 $1lus + aeedlawsdui 1000°C, 2 dalug

ANBOO + DT4  eugewii 800°C, 4 Halua + AawTlawdiil 1000°C, 4 dalug

3.3 nsfnwilaseainegania
msssutunudiednulaswaiganadunmniindnnasndansvdelutuy
wdsIIBLazvaINIUTUAN R steulladaonszaunaneiues 180, 360, 600 uay

1000 sy nihaiandaandeadenadpimmsuunn 6, 3 uay 1 pm LLﬁ“H']ﬁJ']ﬂG]N‘J‘IﬁU’]

wam’tuwmauamma Tnwarsazaeildlunisvnassil 3 viia fa (1) NaOH 10 ¢ + KMn04
10 ¢ + ¥ndu 100 ml (2) 190 NayS,05 10 ¢ + n3m HO 50 ml Tudindy 100 ml Weusn
AMuanansTEnIavlgesaauluduaziniimules (3) nsa HCl 100 ml + CHOH 100 ml
Taanluansinnsaiiuaan 10-14 dhlua vi3aisund (deep etching) yhTuSnumzsUsis
wensluilu 3 17 pnduiununinulasaiiananadendaqanssmisuunes (OM)
%ﬁﬁ%’aﬁaﬁm%’uaﬂc??qné’am’namwLLaga'méngfgmsiaL*il’ﬂz.jﬂauﬁama'i‘aﬁad'\amma::a"fmﬁu
dayaviteuanuauuvinenauiiamed ndesganssaldinasauluudaamsm (SEM) Tnald
Tvm Backscattered Electron Image (BE)  @saansausnaaniuansavesusazivialaeive
fusznaushesaamilud andmuled gindnsaanuluduasasluagmninuiin M,Cs, MeC

= o et A - | (8 d--—"l T «::' e ; ¥
Wz MnCs Biomiliiavesnongeninsilnouyadainaniiswiiiavesaeusinil ns
a ¢ ¢ x| o 1 9
WATIEVBIRUsEnaURiifiofinuIn1Insganafvesinmae g Taan1sianisnsseny

wdanuradadiond (EDS) AsefiundpaganssAuBidnasauluudesnsiausnaiuminduas

msludginniin

3.4 msdnwwiinmafemaianinagauuvesdediond

Inssaandnuazeiialaniaquoandnuaslnadiougs Anvrdeaiediinreinig
Honuuves¥idiond (X-ray Diffractomety: XRD) Tmemisimdnudeiiiunisianeunas
Tnavidvandilildfnimiensaiandalimnliiu 05 wufums Tnedmunyuany
aglugaa 20 e 130 83 Taeld Cu Ky Wag Cu Ky
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3.5 Maviagaunaude

anunddlagsmvsaninvdenaaeuuuinnes Tnehumdnvaefinioudmivanu
Tnssarsqamadihilddnfnminnmageu Tnsldnauuuines shwiinng 30 Alanfuuse Wy
e 15 U Susas 8 9 nthilasthsesnamnmonmdondesqanssemiuuuasd
M3y 100 i waziariuenveudunue d;, d, fagu 3.4 wagFIuAANLTY
faeuns 2.1 9ntiniids 8 Aamdeds drumnundsaneudnoaulasimagey
wuvinined fesu 3.5 Tnsmsihiwmdnvdeiiiansaudanmnasy Tagliiminng 100 nfuuse

Wunan 15 Funit Suamas 8 g Jrrrundslinnszuusnluiivaseiemaasulnonss

=t o o ' a e
JUR 3.4 (n) ieseswndeuauLdlagsinuuudnines §u tsotest comp 25 Rs U3
Galileo (¥) s iaLdungue)l

3‘Uﬁ 3.5 (M) Lﬂ?ﬂawﬂaaumwLL‘ﬁ«iLL‘UUﬁ;amﬂ ‘g'u HV-1000 U3%¥% Jinan Testing Equiprment
IE Corporation (1) spanausHIaMaulaTH



Ui 4
NANTSIERaTNISEAUS8NE

4.1 nsAnwrvilaasiuwmalianisiasnuuunsiediond
Annrsaneviiaansswmailanisifenunvesisdiond (XRD)  wuduwdnvas
Insillongs 28wtoeCr  Alddinlududdy (R Tuanivvasyssneaudsivaesamulugd
L o s 1 d =y
——————————wdwlaiuaseaiud-M G iM=FeErMol-Rest-d-Hmdnaseuceniigamai-800 ey ——————
< 5 ¢ ' ' o =
900°C Ussnaumemaieslsv ardlud MiC,  uaraninuled dwunisevdeutigungil
1000°C zHULERATSTTURN MysCo TiNTU fia3U 4.1(v-9)
i T T o ar ) . P
wanvasnislududity (Mo1) TudnmvideUszneudiowdeaammnulug insmiled
LT3 L7 1 A =%
adlud MG, ey MC dagd 4.2(n) wdnisaudaudigamgil 800 900 uag 1000°C
Ussneumeiawlesls wrimiled anslud MGy MysCy s MeC fagu 4.2(u-)
PINHANTHAABIZIIINNTRUs RV i dasaamulud uandnlueslsviuay
v o:e' 2 o oy Qs = sJ = sg | —
Aslud Seganraasiuauiseuad Kibble wag Pearce (4] lawaslusfnduiazifiueia
‘ MG wenaniidanuindlegamgiiluniseugeugetuasinbiuuanaeslsives
mM3lud My Co iaigatuieg msiuluduatdulumdnudelastiloge 28wt%cr aeviliiAn
g & @ 1 =Y 3 o 1 ol oy ¥
waaslud MC wazdauinuSunmeesn1slud MysCe vaenisaudauiiusunauinnin
=3 Voay M e a o oA ow 3-:?1'-4 A oaw = o EXY & .
winwdadlalladalafuddy veiiessnluduatulusgivitliiiaaslud (Carbide
v P M 'l
Former) Tnsaznluununmanlunislus
vv ar 1 Ql; ﬁg’ A ar or
yananidwuwansmiledunasnisauseuy vaintatilssuiansnsmsidiudaly
(3] 1 = I LY ey Q g Ud o I & I3
wvdansaussuiisnsubudusniuly vnldesamuludivasuiluindimuled
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;’? ¢ I '3
(n) AC A me,  # undmdled
m eilsi @ eeawulud
@ M23C6
J\ A‘» .
i e e, A et -‘hJ s Bt A e HMWWMMM\W S R s P SN WP
{(u) ANSDO
N a o st '
Intensity|_____ A JI_ R N
{counts) () AN9OO
;]
A & s
—»—h——-r——n'w;%-.vﬁﬁwwkw.ﬂ wﬁv—A«-JW.meM&N»nMJwﬂ»ﬁr/\.—h——r‘\t’h‘ﬁm%‘wq'\-*—’v-wwwmm
(9) AN1000 a
A
HHH Mnﬁ‘%@ LWA.W#NMWJ .VJL T
M7C3
NS~
wadlse
— . l { . ;
IS5l |
' |
ooamylud )
l . ;
M23C6
" | ] il ! S
""""" AR LALLM MRS REARLEARL) AR RN RARARRRELS MULLRER LY
390 40Q 50 &0 F[] 80 50 100 110 120
20 degree

= A o = <  a ; = b1
FUW 4.1 susvumsideivuresisdienduanaraiinluminuaslandougs 28wioecr filal
winlududivn (m Tuanivwde (ACQ) (1-1) ndsnsauseu

1000°C

(AN)

figamgil 800 900 way



(n) AC & A MG, % padmnulud

Bl @ My,
# wnduled @ pmC

A A &
PREDRNEY | S P J'LVVM~.»,M«wmhw».ulaj\-.‘.e-»‘s.,/\wav.-M-.ww.m.u\-mwa,u:.-.—‘.w.‘-.-nwmn-
() ANBOQ
a
N A v),i;l.
Intensity | . —one ® |

e g e -

{counts) | (a) AN90O

A s A e ooyt N e, ;_WMA,-MA‘.MW«_MWuH&W,vWH%H,_M =y i

H
A ﬁ “
LSS RGNS N A YN -
(4) AN1000 '
B
o Ltheliele M ® N om m
M;C,
N -0 [ {1
&
wiaslsy
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Abstract, In the present work, the effects of pre-annealing heat treatment on microstructure
and hardness in destabilized 28 wi. % Cr-2.6 wi. % C high-chromium irons have been
investigated by X-ray diffraction, light microscopy, and scanning electron microscopy. As-cast
specimens were annealed at 800°C for 4 h, and then furnace cooled. Destabilization after
annealing was carried out at 1000°C for 2 and 4 h, followed by forced air-cooling to room
temperature, Vickers macro-hardness was measured on specimens from each condition. The
results revealed that the as-cast microstructure consisted of primary austenite dendrites with an
interdendritic eutectic structure of M5C; carbide and eufectic austenite. The eutectic austenite
had partially transformed to martensite during cooling in the mold. During annealing at 800°C,
austenite converted to carbides + ferrite and some pearlife. The hardness decreased from 507 to
425 HV30. Destabilization led to precipitation of secondary carbides and transformation of
dendritic and eutectic austenite to martensite with some retaincd austenite. After destabilization,
the macro-hardness increased from 736 HV30 in the iron without prior annealing up to 843
HV30 in the iron with annealing plus destabilization, For maximum hardness, prior annealing
reduced the destabilization time from 4 to 2 h.

1. Introduction
High-chromium cast irons are widely used in applications in which high abrasive wear resistance is
required such as wear parts in mining, mineral and cement industries. The performance of these irons

the type and the volumetric fraction of matrix and carbides. Although un-machined high-chromium
cast iron casting can be used for abrasion resistance. There are some applications of these irons where
- machining operations become necessary such-as the mating faces between pump-bodies-and their-end————
liners and the faces of roll segments used in crushing rolls. Machined fitting faces ensure that correct
assembly with other parts can be achieved during the production or maintenance of crushing and
pumping equipment. High-chromium cast irons are difficult to machine due to the presence of large
amounts of hard eutectic carbides coupled with work hardening austenitic or hard martensitic matrices
in their microstructures. Machining such structures can cause rapid wear damage to cutfing tools. To
allow conventional tool machining in place of grinding, annealing heat treatments at 700-950°C can be
used to reduce hardness levels to below 400 HV [8-12]. During annealing, austenite decomposes into
ferrite and pearlitic and/or secondary carbides [8, 10-12]. The problems involved in the machining of
white alloy irons, in general, have been considerably reduced by the use of cubic boron nitride (CBN)

@ ontent from this work may be used under the terms of the Crealive Coanneas Sinbution 30 feence, Any further distribution
3 of this work must maintain attribution to the author(s} and the title of the work, journal citation and DOT,
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cutting tool tips, which can replace conventional carbide or alumina ceramic tooling and grinding with
silicon carbide wheels [13-14]. CBN tooling enables cost-effective machining of the as-cast austenitic
matrix or hardened irons since it avoids the need to use grinding, which is not only slow but may also
introduce grinding cracks. Even when CBN tooling is available annealing to produce lower hardness
levels is often required notably when integral screw threads have to be provided to avoid the use of

cast-in inserts in slurry pump parts [15]. After annealing treatment and machining, irons can then be

hardened by re-austenitization and destabilization following by air hardening heat treatment to provide
a martensite matrix with higher hardness and wear resistance. Destabilization involves heating to and
holding at 900-1025°C for up to 6 h to destabilize the austenite matrix by encouraging precipitation of
secondary carbides. After destabilization and air hardening, the microstructure consists of eutectic

carbide (M5C3)y and secondary carbides (normaltly MsCiand/or MzCe) ina matrix of martensite and”

some retained austenite [1-4]. The hardness can be increased up to 800 HV3{ after destabilization [3-
4]. Trons are typically tempered aller air hardening to fransform retained austenite, reduce internal
stress, and control final hardness to provide an optimum balance of wear and impact resistance for a
given application [9-12, 16-17].

Apart from reducing the hardness of the irons to accommodate tool machining as mentioned earlier
[8-12], pre-annealing was done before destabilization for homogenizing [17]. 1t was found that pre-
annealing did no effect to the hardness of the irons after hardening, but if reduced the destabilization
time to develop full hardness [17]. However, higher total hardness and lower destabilization time fo
establish full hardness were reported for the irons after destabilization with pre-annealing [12]. In the
present work, the effects of pre-annealing at 800°C on the microstructure and hardness after
destabilization of an iron-containing 28 wt. % Cr-2.6 wt. % C were investigated.

2. Experimental method

2.1, Material preparation and heat treatment

Table 1 shows the chemical composition for high-chromium cast iron prepared by melting in a
magnesia crucible, using an electric resistance furnace. The metal was cast into a sand mold to
produce cylindrical test bars with a diameter of 25 mm and length of 300 mm,

The as-cast samples were annealed at 800°C for 4 h in an eleciric furnace with a heating rate of
5%fmin.and then cooled in the furnace with a cooling rate of 40%hr. Destabilization after annealing was
performed at 1000°C for 2 and 4 h, followed by air-cooling to room temperature. This iron is air-
hardenable.

Table 1. The chemical composition of iron in the experiment.

Element (wt.%)

Cr C Mo Si Mn S Ni P W Fe

27.86 2.63 003 020 0.1 001 020 002 001 Bal

2.2, Characterization and hardness testing

For microstructural examination, the samples were cut from the as-cast and heat-treated materials.
Samples for X-ray diffraction technique (XRD) and scanning electron microscopy (SEM) were ground
on silicon carbide papers and then polished with diamond paste. Specimens were etched in 50 ml of
HCI and 10 g of Na»S,0s in 100 ml distilled water. The microstructures were studied using an LEO
1455VP SEM operated at 20 kV. The phases present were determined using a Philips X pert
diffractometer with a Cu Ko X-ray source. Vickers macro-hardness testing was performed on un-
‘etched specimens using 30 kgt load and 15 s indenting time. The mean values are based on eight
different areas in each specimen.
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3. Results and Discussion

3.1, Microstructures

The as-cast microstructures shown in figure 1(a), consisted of primary austenite (y) dendrites with an
interdendritic eutectic structure of M;Cs carbide (M = Fe, Cr, Mo) + eutectic austenite which was
partially transformed to martensite («) during cooling in the sand mold. After annealing at 800°C for
4 h, as seen in figure 1(b), the ferrite (o) matrix + secondary carbides were observed, due to
decomposition of austenite during annealing. Small areas of pearlite were also present in the centraf
regions of dendrite arms due to microsegregation effects. The presence of pearlite indicated that the

Figure 1. The microstructure of 28 wi. % Cr-2.6 wi, % C iron: (a) as-cast condition (b) annealing at
800°C for 4 h.

@ B MG

& Ferrite
7] ¢ Martensite
9 Austenite

&
b d e
Lect-Tangneals Aeetioniuens pdniter wpad ooy o adlidee ity M el
CO0-(0S- 0720
1|

MGy
TIHE-ORSR
Ferrite

[N N P

Mariensite ‘

[OEEFEEI]
Austenite

MR S s e TR
3 40 £0 ) 1 & 80 10 11¢ 120

0
Figure 2. XRD traces obtained from 28 wt. % Cr-2.6 wt. % C iron: (a) as-cast condition (b) annealing
at 800°C for 4 h,
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Figure 2 shows the XRD patterns of the as-cast iron and after annealing at 800°C for 4 h as
compared with the XRD lines of austenite, ferrite, martensite, and M-Cy carbide. XRD results
confirmed the presence of austenite, martensite and M>C; carbide in the as-cast condition. Peaks from
austenife at 20 = 43.279° 50.408°, 74.054°, martensite at 20 = 65.542°, §1.943°, and M»Cs at 28 =
39.135°, 44.370°, 50.375°, 52.553% were observed. After annealing, M;C; carbide and ferrite formed.
Peaks ﬂom ferrite at 26 = 44.674°, 65.023%, 82.335* and 98.949°, were observed. The absence of some

- M3Cj peaks in the annealed iron can De attributed to texture effects.

PRI *"‘aﬁ\%

figure 3. The microstructure of 28 wt. % Cr-2.6 wt. % C iron: (a) after destabilization for 4 h, (b)
pre-annealing plus destabilization for 2 h and (¢} pre-annealing plus destabilization for 4 h.

The microstructures after destabilization for 4 I and annealing plus destabilization for 2 and 4 h, as
shown in figure 3, consisted of secondary carbides in a martensite matrix. Pre-annealing increased the
amount and sizes of secondary carbides after destabilization. At longer destabilization time of 4 h, as
shown in figure 3(c), the secondary carbides were observed to be coarser and fewer in number. This is
in agreement to previous work [3-4, 12] and can result from coarsening or the Ostwald ripening of the

e —gecondary-carbide. particles.[3].-.

3.2, Macro-hardness

— Figure 4 shows the effect of annealing and destabilization on the macro-hardness. After annealing at

800°C for 4 h, the macro-hardness decreased from 507 HV30 in the as-cast condition to 425 HV30.
During annealing at the 800°C transformation of the austenite matrix to ferrite plus secondary and
pearlitic carbides is expected to be almost complete such that the furnace cooling rate used in work
gave an acceptable low hardness of 425 HV30 since no martensite was formed.

‘The macro-hardness after destabilization at 1000°C for 4 h in the iron without pre-annealing was
736 HV30. Pre-annealing increased the macro-hardness after destabilization at 1000°C for 2 and 4 h
up to 843 and 830 HV30, respectively. This is most likely due to more even distribution or higher
degree of hamogenization of C and Cr as suggested by Inthidech ef a/. [17], and hence more uniform
secondary carbide precipitation. Therefore, it can be suggested that pre-annealing affects increasing
the hardness of the irons afier destabilization hardening as reported by Cubillos ef of. [12] and also
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reduces the destabilization time to develop full hardness as reported by Cubillos et al. [12] and
Inthidech et af. [17].
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Tigure 4, Effect of anncaling and annealing plus destabilization on the macro-hardness (AC = as-cast,
AN = annealing, D4h = destabilization for 4 h, AN+D2h = annealing plus destabilization for 2 h,
AN+D2h = annealing plus destabilization for 4 h),

4. Conclusions
The results obtained and their discussion make it possible to draw the following conclusions:

v

v

v

v

The microstructure of the as-cast 28 wi. % Cr-2.6 wi. % C iron consisted of austenite
dendrites, eutectic carbide and some martensite adjacent to carbides.

The average as-cast hardness is 500 HV30, A hardness of 425 HV30 can be obtained after
annealing at 800°C for 4 h,

Pre-annealing before destabilization increased the amount and sizes of secondary carbides in
the iron after destabilization.

. ¥ Pre-annealing_as_an_effect on_increasing the hardness.of the irons_after destabilization

¥ _Annealing is used to facilitate machining. This study suggests that pre-annealing can also

hardening. The maximum hardness of 843 HV30 was obtained in the iron with pre-annealing
at 800°C for 4 h plus destabilization at 1000°C for 2 h.

reduce the destabilization time needed to obtain the maximum hardness.
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Abstract
High-chromium cast irons (HCCIs) are widely used as wear parts in mining, mineral and cement industries.

The performance of these irons can be improved by heat treatment and alloying element such-as-Mo, W and V-
[1-5]. HCCls are difficult to machine due to the presence of hard eutectic carbides, Annealing heat treatments
can be used to reduce harduess levels to below 400 HV [6-9]. After annealing treatment and machining, irons
can be hardened by destabilization heat treatment to provide a martensite matrix with higher hardness and wear
resistance [1-4]. In this work, the effects of pre-anncaling heat treatment on microstructure and hardness in
destabilized 28wt.%Cr-2.6wt. %C-1wt.%Mo iron have been investigated by X-ray diffraction, light microscopy
and scanning electron microscopy. As-cast specimens were annealed at 800°C for 4 h, and then cooled in the
furnace with a cooling rate of 40%Mhr. Destabilization afler annealing was carried out at 1000°C for 4 h, followed
by forced air-cooling to room temperature. Vickers macro-hardness was measured. The results revealed that the
as-cast microstructure consisted of primary austenite dendrites with an interdendritic cutectic structure of M4Cy
and MeC (M = Fe, Cr, Mo) carbide and eutectic austenite which partially transformed to martensite (at") during
cooling in the mold. After annealing, ferrite (o) mafrix + secondary carbides (SC) were observed, due to
decomposition of austenite during annealing. The hardness increased from 526 in the as-cast condition to 550
HV30. This is due o the [ast fumace cooling rate used in work that gave some areas of mariensite that was
formed. The microsiructures after destabilization and pre-annealing + destabilization, as shown in Fig. 1,
consisted of secondary carbides in a martensite matrix, Results from SEM, Fig. 1(a.c), indicated that the
brightest contrast carbides with high Mo content were MyC. Pre-annealing increased ihe amount of secondary
carbides after destabilization (Fig. 1(c-d}). The macro-hardness increased from 783 HV30 in the iron without
pre-annealing up to 907 HV30 in the fron with pre-annealing + destabilization, Pre-annealing increased the
macro-hardness after destabilizafion that is in agreement to the previous work [10]. This is due to more even
distribution or higher degree of homogenization of C and Cr [11], and hence more uniform secondary carbide
precipitation. Furthermore, phase transition was found in the cuteetic M7Cs carbides after anncaling and
destabilization,

Keywords: High chromium cast iron; annealing; destabilization; microstructure: hardness e . B
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Figure 1 Secondary clectron images show the microstructure of 28wt.%Cr-2.6wt.%C-1wt. %Mo fron: {a-b) after
destabilization {¢-d) pre-annealing + destabilization,
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Abstract . B
Wear resistance and mechanical properties of as-cast high chromivm cast irons (HCCls) depend on the

type, morphology and anount of entectic carbides, and on the nature of the supporting matrix structure which in
turn depend on the chemical composition and thermal treatments, Molybdenum is added to HCCIs to increase
hardenability including lead to the formation of strong carbides such as MyC and MC depending on the Cr/C
ratio of the irons f1-3]. The properties of HCCls can be modified for some applications by heat treatment such
annealing and destabilization [4-7]. Annealing belore destabilization can reduce destabilization time to develop
full hardness [6]. In the present work, the effect of a |.42wi.%Mo addition on the microstructure and hardness of
a heat treated 28wt %Cr-2. 6wt. %C cast iron has been studied. The as-cast samples were annealed at 800°C for
4 h and thea held at 600°C for 2 I, followed by furnace cooled to room temperature. Destabilization was performed
at 1600°C for 4 h, followed by air- cooling (o room temperature. Microstructures were studied by optical
microscopy (OM) and scanning electron microscopy (SEM). Vickers macro-hardness was tested. It was found

- that the as- cast microstructure was hypoeutectic structure consisting of primary austenite dendrites with eutectic
structure of MyC; / MsC carbides and eutectic austenite, as shown in Fig. 1(a). After annealing heat treatment,
ferrite and secondary carbides were found, as seen in Fig. 1(b), due to decomposition of austenite during annealing,

- After destabilization and annealing + destabilization, the microstructure congisted of sccondary carbides in a
martensite matrix, as shown in Fig. [(c-d). Pre-annealing increased the amount of secondary carbides after
destabilization. The as-cast macro- hardness of the iron was 530 HV30. Afier annealing, the macro- hardness
increased to 540 HV30, due to increment of secondary carbides and some of martensite. A fter destabilization and
ainealing + destabilization, the macro-hardness was increased up to 735 ITV30 and 870 HV30, respectively, It
can be suggested that pre-annealing affects increasing the hardness of the irons afler destabilization hardening.
This is most likely due 1o more even distribution or higher degree of homogenization of C and Cr as suggested by
Inthidech et a/. (7], and hence more uniform secondary carbide precipitation.

Keywords: High chromium cast irons; Annealing; Destabilization; Microstructures; Hardness
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Euteclic carbide M, C

Figure 1 SEM images show the microstructure of the 28wi.%Cn2 6wt %C-1wit.%Mo iron in the as-cast and after heat
treatment (a) as-cast (b) annealed (c) destabilized (d) annealed + destabilized
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