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Abstract

In this research, the effect of tungsten and heat treatment on microstructure,
hardness and corrosion resistance of the 28wt9Cr-2.6wt9C high chromium cast irons
with (1, 4, 10)wt%W has been investigated. The experimental iron was cast into sand
mold and destabilized at 1050°C for 4 h and then air_cooled. Tempering_after

destabilization was-done-at- 4500(;,,,{0,,,,,2},,,4,,51 nd-6-h.-Microstructural-investigation-was -
performed by X-Ray diffractometer, optical microscopy and scanning electron

microscope _equipped  with _energy-dispersive . X-ray . speclrometry..... Vickers

macrohardness and microhardness within the matrix were tested. A potentiodynamic
technique was used to determine aqueous corrosion resistance. It was found that the
as-cast microstructure of the reference fron (without W addition}-was hypoeutectic——

structure consisted of primary austenite dendrite with eutectic M;C; carbide and
eutectic austenite partially transformed to martensite. The iron with W addition, the
microstructure changed to hypereutectic that contained primary M,Cs carbide,
eutectic austenite and eutectic carbides including M;Cs, MC and MjpCs After
destabilization, precipitation of secondary carbide within martensite matrix with some
of retained austenite was occurred. Destabilised-plus-ternpering increased the amount
of secondary carbide and retained austenite decreased. The secondary carbide
increased with increasing tungsten content. Phase transformation of primary and
eutectic M;C; was also found in the rons with W addition. The ac-cast macrohardness
increased from 506 to 664 HV30 in the iron with 10wt%W addition. This is due to the
formation of primary M;C; and eutectic carbides of M;Cs MsC and M,sCs carbides.
Destabilization increased the macrohardness up to 885 HV30 in the fron with 10wtesW
addition, due to the precipitation of secondary carbides within the martensite matrix
and decreasing of retained austenite. Tempering slishtly increased the hardness.
However, the irons with W addition had lower corrosion resistant. In heat treated iron,
“more severe locatised attack was found. ) ' e

Keywords: High chromium cast iron, motybdenum, microstructure, hardness, corrosion
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1.4 wguf] auyAgu uasnseuuLIAnTBlAsINITATY

mnmsﬁnwwmwmmum wudinsdsiianlumd nvdelasdlougasiliiin
ﬂ'ﬁluommﬂwmLLavmﬁwmuiﬂawumwmu ﬁ‘saa{twalwmmwmuavm'mmumumsﬁnma
A uanmnumimﬂamu‘laLfﬁ*mm:mﬁmumnsﬁtﬂaf;luaqnaaamu’tumﬂummu‘twwn
arwiunsEnnse oy drunsumeimdiandlawduesh i Binaessmyluds
anfnadlUaaas uanniidailseauinisiiandlastudihaiinmmdununis
AanservosAnudslasilongsinine daiumdnvdelasdougeiliufamuastimnisi
reasmBlawiuasvueds szilrnunduasenudumunstinnleuveandnvdediy

1.5 Uszlowifimindnasldsy
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2.1 dquwaumammaemanﬁaa’lﬁmmu@a [1-8]
marmaaiﬂimﬂuaal,'ﬁuuuwmwﬁ'm;y*uumnluammwn‘ssumuaqm AL REINNTIY

Faud esnlulaseiwszneusdlaadsumiludiimmndge numsdondvions
dnwsags (high abrasion resistance) ¥lsiilogmsldaueniuy nsudmudnudolandion
galdviiamussesianmuud Tnswsendsmflnawinismuauaunmngsyhldlii

memswmumwaaumawrm'a'iwa'mmmw%ummﬁuaulmmn Fldmanvaolamiiion
#Finanfusuguazmdnaviunsunninde umﬁmmuwm‘lﬂmausw Niagara work 1ﬂ
mm‘sma@waauman‘maaiﬁsmaummmmwaau‘lﬂﬁw wavanmsandniuiandedd :

msuaum Iﬂﬂmmsmvmu'smm'uaa’[ﬂsmaulmqam 30% m’lwmﬂ‘amanwaa‘lmmmqa
u'mmﬂ*i}uauﬂmmﬂuﬂuwwmmannmzmqmuamimmam sillivingnuntanuds 1wy Juud
IR RRE] mamnaaiﬂ'smaugwmﬂm'uuamqm'amN'lmmﬁe'immimﬂuwumum‘afm
dnwseuuudng (abrasive wean) i lunssuaunisunaues nvsuadufudune wasmande
Yudud lulagduilsmdondaminndelasdovgioguatansn wifiloundaunnilgalun
wdavasaln 2828 Aewdnudeniinisuou 2.8% wasillasilowras 28%
mé‘nwa’a‘lﬂﬂﬁUuaqﬁis’f%’umﬂﬁmua"su‘img‘tﬂuuw“lsiﬁamnﬁﬂ ﬁs‘ia’auwau
aa’lumwaqaaﬁmulummﬂsmmiﬁsmau 10-30Wt% uarAsuaL 2-3.5wi% anaefiil
Umaulasidioy 12wt% ﬂvuiﬂmgnwam wafienldrulnerilosdidrumaniugog 18-
22wto6Cr  dvisuimanwdefiuiunalaniion 27-30wt% WagAIiUaY 2.0-2.7wi%  iney
luldlusvidosnsiinmmumudenasdnuse  wear resistance) uagnisiandou
(corrosion) 19 mstmeaviaddu (stumy pumping) Husiu drumdnnde 30- 35w%CT
a]V'I%’Lumuwmmﬂ'ﬁﬂmum'nmmnmﬂﬂaam;muuavm‘snmnsaummwmaq WU Fuday
YDUAUH Iﬂaimaai'mamﬂweﬁmafmaanauuﬂsunaummﬂaﬂimuauamnmnmﬂm
wmspruwindelndlengsleligmniniifhesgadnededl 2 smsgw A British
standard (85484) uay ASTM standard A-532dwifu JIS delivnngiflinesgnavdnwdes
Tnsdisugs uwmsprumdnudelasiisugeesdinquitsseady 5 inse faaasdumaedi 2.1
dnanasgumidnudelnadiougeuesenidnm ASTM. uiesmdy 6 tngn Kamnsi 2.2



A 1 1
a1k 2.1 dusmimnaaiivagauudivoundnvaalasdlogs (BS 4844)

Chemical Composition% As-casthardness
Grade| C Simax | MR Cr Mo Ni QU | Prox Hp min
3A 12430 | 1.0 |05-15] 1417 { 0-25 | 0-1.0 | 0-1.2 | 0.1 450
3B | 3036 ] 10 [05-1.5] 1417 | 1-3.0 | 0-1.0 | 0-1.2 ] 01 500
3C 22307 10051517227 030 | 0I5 | O-12 | 01 450
30 12428 | 1.0 | 05-1.5]22-18 | 0-1.5 | 0101 0-1.2| 01 | . 400 .
3B (2832 1.0 [0515([2228 )] 0-15 {0-1.0 | 0-1.2 | 0.1 400

An5197 2.2 drunmimaniiveandnvdalasiiougs (ASTM A-532-87)

Elernent (6wt)

C Mn | Si Ni Cr Mo P S Cu
Ni-Cr-HC 12.8-3.6] 2.010.8 |3.35.0| 1.4-40 | 1.0 | 03 | 0.15) -
Ni-Cr-LC 2.4-3.0f 2.0 (0.8 [3.3-5.0 14-40( 10 | 03 | Q.15 -
Ni-Cr-GB 12.5-3.7| 2.0 0.8 40 | 1015 1.0 | 0.3 | 0.15| -

Ni-HICr [2.5-3.6] 2.0(20 |4.5-7.0{7.0-11.0| 1.5 | 0.1 | 0.15| -
12%Cr |2.0-33| 20| 1.5 | 25 [11.0-140 30 § 0.1 0.6 1.2

15%Cr-Mo {2.0-33| 20| 1.5 ] 25 |1d0-180 30 | 0.1 0.6 1.2

20%Cr-Mo 12.0-3.3) 2.0 [1-22] 2.5 118.0-23.0; 30 | 0.1 0.6 | 1.2

25Cr 23330 20|15 | 25 123.0-30.0 3.0 | 0.1 06 | 1.2

Class{Type Desienation

IO ® >0 N ® >

miatisse) iy ududity nfia wasvieaau Tuwdavsslasidiougeasilinnuds
wazaLmunuendnvseifinin lavsm st fuounatmduansludi
raaudsgaazdamalivimamesgmaina fludifiuiu nsnanTudvatilundnude
Tasifngeesdmadufiuanunumunisdnnseveandntd  Tnelududthesuiiy
- andusldinndludesiinrmndegausesnn 1000 HYS0 uenenildafiunruaunsaluns
yundditumiinndedndae Tnsftunumlunstestulilfesamulufivasuluiduisalas
Turngmanbuirlusvuvsondslusneivihmsuiuanmdemaadeou mavauluduath
vannaziinmmumusenisinuseuds filnarlimmmilsveandniiu Tnsawiy
furundeitiiraumunnn ¢ ulilugaawnssumilens dulugunsaidmivunusiios
arwmuvtennsswngtdieldindnvdenamiianilonnasuduity faufimdney
fiswwniwdnnaulasdoundiewedudiofion fiumaglunassiuninnalasden
ASTM A532 Suspinin 15Cr-Mo eerauiududiti Tuuiuna 1-3wi% TnsanUZinadasiden
annde 1418wt uazlufusmniwinsflonuune 25w  sznauUTaluauAy



1 oy A) 1 =y L= L% =u £ o) 1 44
Uszanalsiifiu 1.5wi% uanantiiwdnvaslasiisuluduituunssdaildfunuvaaiiiny
. a VA ¥ o 1 o
vun 4 sraniinfauasnowasdssinaliiiu % asliidisrnugomnslumsifiy
P ' o ' ~ o e v A

AYMENTA U IYULEY Ly widvideraslandlouaslufuiimaiianuuinsgu BS 4844

1 =1 =Y - -] i T i 1 524 CJ'
wanwasnaulanflsuuasludvituauisniluidouldluanmvds weslassadaileay
& 1 ci v & ar ol o 3
Wuseamnulud ummmmn%mmmwaqmiLﬁum'luuuuws'msﬁmmmsaﬂm%emaaq

et o o o e ar W 1o 4 ar
Ssmmhlvaurawanuiadeaiigamail 200-250°C inuFuussanumilealaslivilda

=]
LBIBARY

dregamsidiminndelandiouge (1]
dadsthuuventd

-

& TR v 2 1 - s
Fusnilinlafunsszylindnlngldmdandeniiusunatasidlen 22wt% tazarsueu

2.8wt% NMnATTI RS 4844:1986 1n3n 3C dmndinsszy Tl luan midununaesuiiy
o o 9w e o = - = o o =
faslenuddyiuiuamgnaniomasandiondniaoanninddatadhuminduuy

¢ a & A= P =Y o = o
padwmuludlunnuivavesduey adendnmanisiensldusnuiifiuminduuy
& a = 1 ) v ' = a
wsmudiiniianuudegendmazivniz fonuidemuniudonsdnnsewuuinmiy
. Y T - ] ar ] o 4 o W s 1
(erosion) wiiwdndstuwuuvenldweilinume guiaiideudsdudoufinm fgu 2.1 uirau
MBBIUTINAT 9 denlndifsaiudssana 50 Jadiuns YlvinisuSuanmdeauSourn
' o A 'y 1 & ar 1 Y °r o @ W 2
Idbieniniesndununulinnndnisdruay suiwestunudviiemainadould
stheaznnlusyviensyiuanidasemadaulasldinauy (forced air quench) dywilu
I 4 i =y dﬁl’ g &t = = _r
i Uiuan e Ssueaia g lunsEndusuihiwiingiu 200 Aland uay
= ﬁi 1 5 1 lal 1 s
ATIMgBIINUINMUR suuaieu 100% Wi Teatavzegrsdslusendnentsduds
sndngaigll M, wisonnsaugulueinie @ir quench) lunsdliduiondniudasssydiy
= o vy Xg ) A o v e oA s
naaslosivhiliduisdununuivlydiendndenimeninduiemnmanEsums

= o o & ) o ' Lo o a |
U7 21 Mdwuuvwesldsdmiumssuisiiuindaainivdnuselaniioy 26wtoecr-
3.3wt5eC



wisdmsunszunn

wisUsstanilinesiivunniuens 1 wns A9190.5 Wms wun 0.1 WAT tastiey
mwvmaam (slot) TS TRY! (longltudmal) WIaAmYIN (transverse) Tudaumtiesing q
mﬁm 2.2 ﬁumuumwmwLﬂu‘aua'zumamumumams%nma‘[uaﬂﬂsmmﬂiutmnu:uu
ey (rotary impact crushers) wazvanivdnudenuannsgi BS48da nsa 36w
%umumumﬂsﬁma 4 Lugudauunniin Lmna}ﬂLﬂumaaimsum'imummmmwwaamsﬂsn

lsifideywunnin Lmnmmumamu‘lﬂmsnnuﬂwwmwﬁumu‘lmmauuavmiamamwnumﬂ'"'

DN LT mmﬂalmammunumvmemau q numuamimaﬁ ELWﬂS&%ﬂL?EIQﬂuIﬂUﬂQ‘WA’L...

La’ﬂ.‘}}‘}iﬂﬁuﬂ’ﬁ (EJEJ'NWI 0.1 1) L%'talﬁnu'iﬁ)aﬂ'ﬁuaquiﬂsumsumammuamqammmua"
‘Lm‘sun'lsﬂiuamwﬂ’eammsauumamwnwaa

U 2.2 dawniasvisdintunssunn (impact crusher) nAnvINwdnnaelasifieugs (12-
33)wt%Cr-(2.4-3.2)wi%C-{0. 1-3)%Mo (HUf U971 nwaw, Jyscrusherparts.com/project/
hazemag-apk50-blow-bars/)

2.2 wlalnezunsawssszuuimin-Tasflog-anduay [7, 9-14]

Uit 2.3 waRsIuNEIALiveImanuas lasisugenTEIy ASTM A532 Tu
ma‘l,mavunsmm Thorpe and Chicco mwsnmanwaﬂﬁqua IA, Band C ﬂaamua'm
vaegUTl 2.3 93 inlaraingmnAnveswsamuluduasaislud MsC quummmanwaa 1D, 1A,
B, C, D, E uay NA szifialaswaihrsgmninvesesamuluiuasaislud M,C, daundnnde
insm D wuﬂimmiﬂsmaumnmﬂsﬂ IA-C vzfingmnfinuesailud MGy Faunsdiums
wWasudunidlud MyC Tussnsmaduds wﬂﬁmﬂiﬂssamwmmﬂummamﬁmummﬂ
dnnedlud MiC Twnsn IAC sldmEnngainsa 1D frnuwilengand Woviumn
Iﬁimﬂuawumu solidus 9zidaulumaedneile tLaUU'%mmmﬁuaulumulﬂ'smfuaqaaamulum
mamaﬂwmmqmwgmmﬂgn‘amgmnmﬂasmuw

ﬁﬂ'ﬁiﬂ')ﬂﬂ?ﬁﬂ'ﬁﬂﬂﬂﬁﬂﬁuhﬂ?u?\i th']amwmamuammuwsasu E]uL’Jﬁ’MEL‘EI‘ﬁHQ‘\UﬂLWSJE}U”



manviatﬂﬂsmemwlmums’lmmmu‘fmzymLU%JLLUU'lﬁIUEJmnmwumumﬁu 10-
30wt%Cr uay 2-3.5wt9%C Aoglutasvearideaamilug Fuansluguil 2.4 imdnudongutl
dlandedrandilanses aifinuonlasdvessammuludigund Musgninvasoaavy
luduasgimninanslud mMC, ammsudadvoundnudeftidune 30wtoeCr-2 3wiosc
Tusyd 2.4 Liamﬂnm‘smmLﬂumu‘lmmaaaaamu‘luwﬁum ‘Ewm“mmﬂﬂmmammv
AfuILIEgNNdNoan m’iwm’[awvuﬂsmmiﬂswamasmsuauawu nazpdauiivihgya

gwndin (eutectic structure) ﬂaamﬂmnaaagwu‘lummvamnmﬂmstum M;Cs sEiaiuay

gnniin (Us-Uy) aunsvmaamnuamaamﬂqmmamnm (E2> v+ MiCs) mmw‘iﬂﬁam‘nm

’lmm (interdendritic dendrite) %aaaaamu’lumﬂﬁunu n"n3wuam'maqiaﬁvavauUﬁmnau%u........ e

ﬂ\ﬁlﬂ U,
ﬁ']‘W;EULﬁﬁﬂﬂﬁﬂﬂﬂﬁ’ﬁéﬁéﬁﬂiﬂ‘ﬁ'}ﬁ 2-2.5wl9%C LLﬁ"Iﬂ‘illIEllill'iﬂﬂ'J'] 30wt%Cr uihin

IWEJﬂ'!'iﬁiuﬁﬂ%'iﬂ’lfjﬂ’}’luiaulﬂ ms’l*ﬂumumam&aanauuun‘lﬂumuwmmmimm
AWIIUITDA NI Luaammwaﬁimumnﬂimwmaaﬂmaamwnmau‘mmw
Tﬂsmwua‘smﬂavmamﬂaamaﬂwaama'suwau‘iumamﬁuuvu‘tatﬂammnmﬂmm‘lw
mmwamﬂmﬂﬁmu {primary carbides) tummnmﬂumﬂﬁmuLﬂutwawmmmlmym‘lw
fdumuwaatﬁﬁu msummmmmanwaaﬂaumsmwnm'smmﬂumﬂum MiCs Ugugdl vinlv
thlawsiiGinadasiiomesmivauanaums {.ﬂaauWL*znﬁﬂgﬂwaaLwnmn (Uy-Up)

Chromuam, Wt pet

Carbon, wipet

= - . '
N 2.3 wunmgessvuumiindaadlsu-a$uey uad Thorpe uaw Chicco nansaIumELYS
winuaelandlongeiildaulanisludailiassehaduvaosamlug

i ﬁl&'!@'il?ﬂﬂﬁilﬂﬂ maﬂwaaﬂauuaausnu‘lﬂ"lmumamiﬁﬂma ua"’lnmmmmum gy
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- 5 - -N.T . L
U 2.4 wrunmtEasn mnevesiulde s (liquidus surface) vasssuumdn-lasdiou
< ' = ) & : st = c&lu @
A1UBY naaaﬁmaamuammumammmafwzaaIﬂﬁmaufjmuu‘lsiﬂgmnmw Fanlasvinly

2.3 whnuaslasidlougeeasmuiiiin (1, 3.7, 14)

wmdnvaeiiivimalnsilemssanns 10-30wt% wase Susi 2-3, 5wide segniluld
a"m%’umﬁmLﬁu%i;d’;uﬁﬁﬁuﬁﬁtmmehmu’l'wu W ‘luns::mumsmnmmnuuj AVTHEN
Yudiuud tmsﬁmaﬂwaﬂ'ssmmjmmmLﬁanamﬁmaumﬂwﬁﬂ Wudty lesanany
AU sdesaduay mmmummmmanﬂsumwuauuﬂﬂﬂmuﬁuum‘lumswmu Imwuaa
fueiinuasdadauesenslufuiomsn vrsinmmsldeuuasaming Iﬂﬂlmaaﬂwamﬂiu
am?maawaamanwaanauumﬂsunaumamu‘tﬂwwm‘[ﬂiqammLﬂunqnwwaaaaamulum
Imwiummmmﬂulﬂsmaﬁaam@umaiﬂmamwmﬂmnmnmﬂivnaumasmnmﬂmstmm
Wumseneuvewudnuavatiuay fe M7C3 uauﬂmﬂmﬂaaamu’lummnﬁmﬂawmu
sndwlsvisswienmduiluuuvde dguil 2.5 :

dmiudnndelaadlouge L&'Jﬁaaamulumwmmmnmsmmm‘uaquﬂamm%v
mﬂé’qasumzan'rswum'iuuuumaa'ma]“u}aﬂulﬂLﬁumsmulfmmamumamwm (w3e
naelueflsduasesludiidnasiBon Lmuwmﬂnumauﬁaamnﬂim mmu@anuﬂﬂw
win 2 dw ldud drunauninnil wasdnsmnduianisuiiresiuey Tunisldeu
maamamanwaaﬂlﬂsqasqaaaamuumn’iuamwmaam%’lm*\u’lﬂ lesmesamuludanan
mummumma‘lﬂsmmﬂ3m’1 (work harden) Tngilnnuudaiisduain 450- 550 HV 1{u
1000 HV Gevssiildfnduruivisensdnuseialnivounuld (self-replacing wear
resistant surface)



=

wulasivasesamiluiisund

4

EVNANAT IUAM,C,

gndneeawlud
= P
fddsullunfntsy

‘E‘UW 25 Iﬂiﬂﬁ'ﬁ"lﬂf\]ﬂﬂﬁﬂlﬂﬁﬂ’ﬁ‘iﬂﬁﬂ‘u@fimﬁﬂﬁﬁ’aiﬂimﬂﬂﬁﬁ 30wt Cr-2.4wWtsC V}U‘i‘éﬁﬂﬁm

Moeulasiveseonmuluddsunil gmndnmslud M,c, wavgmninesamuluATEbY
Wuamdula

2.4 winvselnsdeugeansindan [1-4, 6-7, 13-14]
winudelpsifuugenilenafraduuuesamiiusiee umqm’f'zumuciamiﬁnmaﬁh
muummaﬂumaaﬂsuﬂ';qammiﬂamsmsﬂiuamwmsmmiau (heat treatment) tita
ujaEJuT,ﬂsaaﬁqwwnaaﬁw’lummaau'lmﬂumsmulqmmwamw
nsUiuanvdeauSouminvdelasilouge Buoinnsnuniavsevdmadud
Tusvundaiigamgiigesswing 950-1050 °C ma’iﬁiﬂsm&uuaumsuaumaumﬂaalu
aaamu’hm“luan‘uzu“mmmaumwaaamulumuaan‘lwawa'maqlﬂ nswlududordundy
fanDlawiu (destabilisation) vilvianiveuuaslasdisnoniennunsufuduaislug
Wil (secondary carbide) WunsanUSumaniuaulussaulud vildanseunsslu
nsyundsvesanamuludifisiu ndnfisesamuludezBluluiialadlfoniuite
Tomafiovldinsimiloviasgstu wiimsiandlewdulunawemns ua "Uéaﬂlﬁ§14mu
muaeamasmmimsmﬂ*vauuhmmwaammmanuau@ﬂswwu%u widufuduenia
rmunng agldnsguing (ol quenched) Feasvililalnseatianimylevinas
soamuludandsuiiday fuhlasadsqanandsnsiandlawiuosussnause
afludyiegiianasnelulassaiuusanimileiavesamiludondag faguit 2.6
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Uil 2.6 lassaeqamavasvdnudelandiongs  2wioC20Wt%Cr-1.75wt%Mo  1¥e9n
nMaUSuanmdsanufeuludnunediie (1) suflgamgil 900 °C Hunar 4 Falus udh
sesliduluennn @ fediuidivai () wiiihdsenegsnuansdnunisiazAg
nsswysaslaniludivisnil () ouligumgil 900 °C e 1 Faluwdrudesivisiuly
e awiuhlilfomtaansluiviogiidlesnneilibiviue ) evileamgl 1000 °C
Wuna 4 F1la wdadesliifuluoinin

2.5 wanudalasidleugamassin (3, 11, 13-15]

wianudelasiilougefiviuinlaziiles 30-35w%Cr wazaiuou 1-29%C ssufeial
wnllasvusarieslsd lnvwainsduatosiuseninenisiduin Inseairaganialuaninudanis
_wfia‘ummﬁnwdaaéuﬁﬂsanauﬁammﬂmﬁwaawlaﬂsﬁﬂgugﬁuasgmnﬁnmﬂuﬁ MeCs
suviwauaulasd mlnudeieSanseinudumuniinnseduarliansaviinng
msvfuanmdisaiieu wiedrlsfnnuminudenguilaeiinimfumudeninia -
sendnduitiiuiigampiigefi 1100 °C uasnusemstandouldilunsasendlads (oxidizing
acids) fretemsldiumdnuaanguil wWu lssruiidumeds Ineldiduiudiuvenan
wagsdnuandiulues (bumer nozzle) 1ludu sswmanansanudenninasfinfinn
(scale) uay numanIWan
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2.6 afludlulnudalasidiosgs (3, 6, 8, 12-14]
gwnfinArslud
vlinuasguirvesgmninarSluilumdnudelanilongeivegivdunmmaniivas
dasmaduia nnsineives Powell f14] ‘t‘\!U’i’lmiLﬁuﬂ%MW&ﬂﬂiLﬁHNLLaSﬂﬁUauﬂxﬁ’i
Tgmndnamfludeiin MC Adhvasdailenudsuduyin Mo C, Ailsisonilos vmalsarn
mﬁmaa"ﬁu evBinalasilousinis 12wioe sniinAsludesilusiin MoC Taeillanden

#1071 6wigh gwndnandludesdaritastuinniy widnlasidlouagyenite 8-10wi% gmndin-—
mslumumamequaamuaua“uanwmmﬁumwamj Iﬂauununamﬂu MG, lazaouseunig
MsC meﬂ'%mmiﬂsmanmnm 12wi% amnfneniludesdueiin MG liineriissvitedi

LUy lameltar mnsﬂw 2 i mauﬁ'aumauanwmwmamnmnmﬂum”lumaﬂwaa 3.6Wi9C-
5widhCr way  2.4wtbC-30witCr 9uifiudnandluduila Mﬁ{iumanwaa 30wWt9Cr 9l

i é 1 1 [ I L3 C}
weriieaunnd dusiaupzarindaesmludluniovdolanilongs uanaiwnsd 23

= v 5 ar = ¢ ¢ a
JUR 2.7 Taswine Deep etched Wisuiipudnumssasgmniinaislud (n) ssludein MC
i £ b ‘:‘ I ld (3 = +
luwdnvige 36wt%(: 5w Cr ﬂvﬁanwmummmuaa () andludaiin MG, Tundnnae
2.4Wt%C-30Wi%Cr Tifumanusssatiioaesnin

-miludyfogl
auiildnanaug wanvaslasilsngeiilanafadusuvesdmuluiiionudun
fonisAnuresh 5‘3»3?1'11!'1‘iﬂﬂ‘iUUi@?ﬁuUﬂIﬂﬁlﬂﬁﬂ'}ﬂﬁmUlaL‘U‘iﬁu %w"m'lmnﬂmﬁumwmnu
anagnaulunmEndrasuimulesd wuﬂﬁjaqmﬂuwmaﬂuwaaﬂumuwammqmuua“ammu
Tunsvidsmadlawdu Imamanwaawﬁiﬂsmauaasvmw 25-30wt% ‘uummmﬂumwmmu
iy MpCy Trildnunmbuuvisnnadnuassiodentu dumdnudeililiasilonsswing 15-

20wt%Cr mﬂummaqmﬂu‘aum MC way MGy wuaﬂwmmﬂuum mumaﬂmaawmﬁ'mm

[ = = = < 1 = =
Tasilensn msludviogiiosduriln MC Mduwiuethudy Tuguil 28 Wisudleuria

L)

1 =y -] t A s =i 1 ar
wazgynssmiluifegiilumiavdeniiuSadaniioude q Ay

A

gﬂinaLfJuLtviewﬂmaanu,asvflumufafaum‘—ﬂu%uﬂ—Mge—lumanwaa——Swt%Grﬂ:maﬂwmswf**w
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iﬂm 2.8 (n) miludviagil MyyCs luviinuga 29 3wt96Cr-2. 5wt C (2) ensludvieghi M,C,
'Luwsanuaa 177wt Cr-3.1wt%C (R) ansludyBent MuC Tumdnvde 8.8wt9Cr-3.0wto%C

= = -
A1319% 2.3 alinsazaraudsemsludivululaveramuindasdiou-asusy [16)

Type Crystalline Lattice Specific Hardness{HV)
system Constance (A°) Gravity
a=0.52
(Fe, Cn)sC Rhombic b=5.09 1.67 =1100
c=6.74
Hexagonal a=06.88
bh=4.54
Rhombic a=4.54
(Fe, CriCs b=6.88 692 ~1800
c=11.94
Rhombohedral a=1398
B ) h=4.52 -
(Fe, CNpCe 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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2.7 anufwumumsinndau (1, 6, 11-14]
'Iﬂaﬁ'fa‘lﬂménwdaﬁaménné’ﬁﬁﬁﬂ%mmiﬂﬂﬁﬂu‘lumw‘%nf&mnm"r 12wit% LA
fidues Cr,0, unaguiawiidue ildrnudunumstansey (corrosion resistance)
i widmiuminnaelandiongezdeadivinnmestasdlenluumidaduinnia 10wt
Luawwrmaqﬂﬁ'swuamUsmm‘uaﬂmmﬂuummwaaiam asludeziviinalaniionnay
ArfUBUN wummnumimﬂﬁmu‘laLsi‘ﬁummlwmmmé‘lummsnuuavLﬂuwa'lwimm

Iﬂ‘ituﬂﬂumﬂiﬂ‘daﬂa\? fﬂwm'amatﬁmaﬂmmauawummmumum'zfnmmamuawuf"—f—ww———'
Wasnifnanmuaniiv-anady (active- -passive transition) o
'luammmﬁuwmswmnuuma ﬂm;mmawum‘immmmemsﬁnmauayms e

fansay mﬂ'ﬁﬂw 2.9 LlIEJL‘UiEJ'UmElUﬂ’)']:J(ﬂ’lU‘?l"lUﬂ"t‘iﬂﬂﬂiﬂ‘lﬁﬂﬁ‘ﬁﬁ"ﬁ‘]ﬁlﬂ‘iﬂﬁ]uL‘WIJ'J’]
WMAnWEs 28-30WtosCr fo”11ﬂ';mmuwmmﬁﬂmaua“msnﬂnsaumwaﬂ mnsﬂw 2.10
lows puifisuidulddvailawdussaninuasiiiiuunalanilsudaiy-fe 10wt96, 15wtos,

20wt%, 25wi% Uay 30wtosCr lugnsazanansndaiiiinas iy wwa nuaefillasdlousinga
25wt36Cr 2siinan wendirl-uwadviindos wissniiuSonalandlanluunindlsifiows
daumdnvaefiilaziiion 25w%Cr uas 30wi%Cr Tuanmmudeasinnisanisannnimas
AsUSuEnamneaey maafa'amemaaamulucmaalnaﬂuamﬂmnmﬂwmﬂimm
Taadieydi m‘lwmﬂﬂﬁﬂmn‘iﬂuwusam gininanilug windinsUfuanwdisrruiou
srililaafioniinisn sy ety Ingarazuiunseuy gmndnailudidunalinng
fAnnsauanas dndumdnvdediilasdion 35wecr sfinantnuaniin-unadwisiendd
ame‘tsﬂmmmanwaauﬁﬂiaﬁmmuwmﬂsm%mmmmumumsﬁnwiam uonilasiule
'nmaﬂmaawuﬁaumau B0Wt96Cr-2.4-2.9wt%C 9zlinuduniunsiansautaznisdnvse
nuRaLE Al ysnInieuIm siliAuAtues e siansauaty

=

- T P P = @ oy & Je 1% .
Wesrnluduiduevidlunmuiilesdisudtslfidnaflud vildudeuSuialasifionly
&

RSN NI

.
o A
e

o4§' \“ é} S & é’;o @sy@ﬁ/

ALLOY Tvypg

C! L 5 a 1 o
U 2.9 Wlsuiituansshunumstanseuasmsinuseuvuiaige
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(n) ' (%)

—
<

-
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CURRENT DENSITY (4) , wAcw 2

HARDLKED

ot ]
B T R T O Y T

Gy
< Lo 5 =y ar 3 et J
Uit 2,00 wlfelinliatlawduvesminndsluansazaradanin (n) minude 10wt%,
15wt% e 20wa%% usnnsmse (v) ndnudo 25wise udnwurdo (7) e 30WiCr
Tuanmvdalazndinesuvamwineninsfou

AmAINnsianisuansanageulngdnimiddidivall (electrochemical
conosion study) Lilefnudnuaziowzanselufiniianlnedy anodic polarization
characteristics) Imsl*zimﬂuﬂiwmuﬂalﬂumnﬁ (potentiodynamic) Fadumailadildszuy
wad 3 47 lunsesavaeu 'svuuwaa 3 §1 Usvnaudae 4 'mmq’m (workmg electrode, WE)
Wedunuiidesnimaasy F181994 (reference electrode) uagdalindany (counter
etectrode) wWaddliiAanisinnsey Imaﬁqmuaﬂﬂsmmmﬂnmwfm Potentiostat lng
maiiaiasdoudndlyliiugn LLafammsLUaEiuuﬂawamsvLtalﬂﬁmmﬂfuu Tmaﬂuﬂau
Andlw “:hU'JﬂL‘r’iéJ‘UmiaEl‘] ﬁnnaﬂ'ﬁﬂawmaﬂuﬂﬂﬂﬂmau {cathodic polarization) U
Luaﬂauﬁ’nsfh&ﬁ'lmnmmﬁuﬂam%vgnﬂﬂmau (anodic polarization)  fwnlangiiu
mmmmwﬂammaﬂnﬂmml.,m’lmuﬂuni sua il ﬁaﬂaatﬂaﬂutmaﬂﬂm'\maqmnssmaa
iy nansvagavIzuaaniunsaImduiudsendnanszaalifdudnglui
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vizalsandnswluanlasdu (polarization curve) daguil 2.11 nssunasannuannng
alswduhumatialvanuilelawiind dwsulansdinguuantes ds

@ulds a duduldsinunndoudndlnfidouinnistanioy wiediumaensis
alannivanlsiedu

wulfa b L{‘Juté’uiﬁ’ﬁﬁtﬁﬂmﬂﬂ15ﬂauﬁ’na’lvh’hrhuﬁ’n&fhlﬁwaqmsﬁ’ﬂnéau (Econ)
vielugadl 1 wasBunidildsilindruresnsmloludinivedlsiosy WABLARIAINTLUAR N

AaunsinilauUsteeiy () Wialumw 2 ﬁja'lmauafﬂmmﬁmaﬂLsa'tumimméaumq
ﬂﬂ\?ﬂ‘iﬂﬂ Ag ﬂ'm'iulLﬁ%\iLlﬁﬂ\i'ﬂﬂﬂ"ﬁﬁiflﬂa}aﬂmﬁq Llﬂﬂ'll]ﬂ'}ﬂ'ivlLﬂC‘I']llﬂﬁ]\?'ﬂl}ﬂqiﬁi'}\iﬂaﬂ
A
b{I% !

. aéi’uma ¢ hudunseitBnniduustiosiuiilfanafununsandeunasly

NIBRART () Subiannsanuidndgesn (Epied 1 ma’luqom 3 Tefuunadesiuasgn
''''' mma waziigiulfs d HeBundasifn Transpass;ve Fansvuanuin et uane——
’ Tavsiunsiinnsiandevethmmindisnadmis

A

I/area
o

—p-
E (mV)

4 goeoe o o
JUR 211 nawhiamsmnuduiusssnienssualsidhiudnglwvh

ar

2.8 Muiduiifeadie

Wl a.e. 2015 Imural waAme [17] ‘lmﬁﬂmwa'umm‘smumamuma‘[ﬂiﬁasqwamﬂ
ugg m"mu‘uwaamaﬂwaaiﬂimsuﬁa 28wit%Cr-2.6WiC-(0-10)wt%W lugniwuge wudn
maﬂwaawlmmumamuuiﬂiqaﬁmuulaiﬂgmnmm}suﬂaumamu’tﬂswmaaamﬁlum
Usuail (y) amnmnaaamu‘tummLﬂaaumumsmubﬂm (o) ua”m'ﬂummﬂmﬂ*ﬁuﬂ M;Csy \die
VALVIdEAY 1wtdh Iﬂ'ix‘i?iS'N‘iluL‘UaUuLﬂuLLUUlﬁLUﬁiﬂLﬂHMHwﬂi“ﬂEJUﬂ’JEiFI']ﬂUﬂ‘Uﬁ?JﬂiJ
vunlugl msludginniin M,C, wazgwmn@nesamulud dloduieny awtd mal‘um
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a a A o  ar - 2
qmnmn%tﬁu'ﬁuﬂ M,Cs Way MC wagiiiobunsdmy 10wt ﬂwﬂuﬁqmﬂmﬂﬂwnauma
MeCs, MeC uag MpCy 2mnmagsumundsiuiamund s ifinfunudSmaeasisainy
o o a A 1 = :
maqmnﬁ‘%mmmﬂumqmﬂmnumuﬁnwuasmﬁmﬂmﬂum MsC

Tt A 2012 Heydari wasanie [18] ldAnwilpssadiruaramundssuninvde
22wt9%Cr-(2.34-3.20)wt%C(10-12)wtoW Y(U’J’]Iﬂ'iﬁﬁi'm‘lj‘uuuulﬁLUE}SHLVIﬂG}ﬂU‘J“HEUﬂ'Jﬂ
mﬂumﬂﬁugu M, Cs avniineadwulus uasaniludawmniin MyCa WlouSumaiusunas

«3

o

ﬁ’aﬁmumuﬁvu,,ﬂnﬂuﬁqmnﬁmﬁu,,fw{guaa: MeC dimmndafiviiugnn 469 Hv1fhy 630 Hy-
Ut auet. 2005 Wiengmoon uazhuy [19] Anvinanmseuiiamilawdulumdands
____Iﬂstuauaq 30wt96Cr-2.3wi%(C ﬂammu 900- 1100 C uJunm 2-8 *ﬁ’ﬂm WuIR el
maaaﬂﬂammy 1025 C nluna'] 4 dhla muwammﬁmmma“mmq 1025°C anuudai
Atanad Lummnwammumﬂvumimm ﬂau‘uaqﬂﬂﬂummsqn MasCetBuaution drudl

urdmuladanas

Tull aa 2011 Wiengmoon wazany [20] lofnwnisaviianflawduweaninuge
Tasidlonigs 27wt96Cr-2,72wi9C fanminii 1000°C e 4 alus vudmmdadindy
90 580 HV30 1 760 HV30 arwiumnisianseuinitluanimvge dWessnluseming
msemamu‘lawﬁmﬂumﬂw’ﬂﬂsmﬂmumﬂluaaamuEumﬂﬁmmmsaanmummaumsuw
agsouq msludgmndn lkuinaililasdounniy

il A, 2007 Mousavi wavams [21) lddnvinavesissEmutenisfandauread
maﬂwaaiﬂimﬂum 2Twit9bCr-3wt6CH{0-2. 5wt %W ‘Imﬂmsamamu’laqu'ﬂammu
1000°C W 2.30 Falue vuduvdnndeildiduvsanmiluanisivde Imaaﬁmlm iy
wuuleluginniniiussneuiamlasiosawnlufuasansludgmniin MG, Waduiamy
2.5wt9% wuhlasafudusvulawesgmniinise gnaumpailudlgugll MG, wavarsludsy
WnfAn MiCs MaamiaumﬁmﬂaL%uiﬂsqammlﬂﬂiunawnamﬂumwmanmum MysCe
Arusdafiutien 803 Hv 1y 895 Hv m‘lwmwmumumn'ﬁnﬂmaumu

Wl A 2017 Carllo wasame [22] @nvearesiidnuiasmaiaaadlawsuse
Iﬂsqamqamﬂmmmaﬂwaa‘{ﬂsmam 17wt9%Cr-3wt96C-(0-10.3)wt%W Tasaufanila
t.wuwa‘mwgu 850, 900 waz 950°C Huan 45 it wurwwdnvdeflifutayifiuysany
2wt%, 4.2wt% uas 10.3wto6W Tuanmvvge aundafinduein 425 vV W 470, 460 uay
480 HV muﬁﬂﬁ'u z%’;uwé'amsauﬁamﬁlaw%’mmdﬂmﬁﬂwﬁaﬁ@uﬁsﬁmu'4 2wt% @RI
wuqumaaﬁﬂmammu 950" C wiileUSunasteamuniindudu 10. 3wi% TR BB RHITEIREY
mggqejﬂwqmmu 850°C dhuftgamgli 900 uaz 950°C fidauudshnd Wesnaslug
niegliimmnazneudununnuasiivuelug vliBimumfueulumn ivilsdanat Ay
ujsiannas

qqumgamu’w%umsmﬂmnawaamﬂuﬁnﬁEJQﬁﬁﬂ%mmmﬂfﬁﬂ‘lﬁﬂ%u'}mm‘fuau'luwfw"" -
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Tul a.r. 2012 Agunsye wag Ayeni [23] Anwinszuiunimismuieuveaninvds
lagiilenge 22wt96Cr-2.9wt%C Iﬂamsamamﬂawmmammu 1000°C 1Wutaan 4 Falua
ELﬁuﬁUMNLUB‘NﬂBﬂJ%ﬂN 600°C e 2 fen‘lm Pinnsvagsunudanuinlusnmvas
uamaamsauwamu‘laku anrraudaiiuuen 500 d 693 HB daundanisaumandede
rrmudeananiu 619 HB Wennunimieiudsuudumnedndmiled

Tl pue. 2012 Yezhe wasame [24) Iddnwinavasnmaduiiamunasnssuiuasma

ﬂ’J’lil‘iﬂu%aiﬂiﬁﬁiﬁﬁ‘qaﬂ’lﬂLLﬁuﬁQJUﬂ‘UB\?EWﬁﬂﬁﬁaiﬂﬂi}fﬂé}ﬂﬁ 2AWtHCr=3WE%CE——

-~ H{0=2.75)wWi%W- 1'4U'nmamumamuwﬂﬁﬂﬂaﬂﬂuamwaaLﬂasumn'laiﬂﬂmnemu‘f]u
lﬂLﬂ't)SElmﬂmﬂ‘lﬂﬂ‘iuﬂﬂ‘ljﬂ’lBﬂ']'ﬂUﬂﬂﬁ!Jﬂll M.Cs amﬂmnaaamu‘lummﬂaauLﬂmmmuifam

LL’ﬁ"ﬂ’l'iL‘UﬂQWIﬂWﬂ u@ﬂ’\]’1ﬂ‘lJENW‘U’J’Iﬂ'l'liJll‘lN"U"LHQJ‘E!uGI’Iillﬁii'iEUVIQ?(Wm drundanisoudia
mu‘lat%umammn 1050 ¢ Junan 2 ‘if’)IiN uaummﬁasawammu 250 C LUuL’Jﬁ'I 3

850, 890 uay 913 HV anua6u ‘P‘l’ﬂ.ﬁﬂ’)’lEJ&]’i‘!JWIUﬁ@ﬂ'ﬁﬁﬂWiﬂﬂ?Ju

‘3’)113\1 %‘iU’J']mﬂﬂWﬁBWLWNWQﬁLﬁu Owt96,-1witfh,2wit9%; tas-3wi%h ﬂ‘)"l!JLL‘ZNLﬂiJ‘UULUU 85—



3.1 MyuaauasdmaImIanl
2 1 = A-'L v I3 N R a
wanvaslasdivugeililumvesswssnaufomdnudeiliduiany (R) wasiiu

Bnsnaang

vl 3

VI 1, 4 0ag 10wt (W1, Wa tag W10) LganvasMININASVaBILUENTINTS]

(=% = E 5 13 o o 5 d
Winuddnsuuazsmdu q 1 wasumaidmemilifiunieni andumadlulusuungs

ﬂi?ﬂiﬂﬂi%ﬂ‘iuﬂﬂﬂﬂﬁLﬁ‘ufﬂ‘uﬂ‘uﬂﬂa’]ﬁ 2.5 wufilung EJ']’J 30 wubitung tLﬁ“UaﬂEﬂWLEﬁM‘J

mamwuwummmswaa'luuuuwaam'muammsﬂ 3.1 LavdunamaAiivenuinvas
wanslumsned 3.1

= 5 P '
MR 3.1 drunsmiaaivewinudelasiougdldlunmeass

| o i o v e e ' b
3Un 3.1 dssnasdnuaelaannimigstusuundevisne

SIUHENVITNAN (WE %)

wlavde. C . Cr . W Si P S Ni - Mo Mn - Fe
R 236 27.86 0.01 020 002 001 020 003 011 Bal
w1 287 2667 099 044 003 00t 022 003 015 Bal
wa 279 2810 388 221 003 001 022 003 017 Bal
W10 256 2784 991 017 003 001 022 004 011 Bal
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3.2 myvfusnwdaeanuiou
Huneumsusuanimdasamwieulasmsthmdnildunswdesndaldiinaumun
Uszanes 1 wufiwms andudumimsiuamssheniudou Jussasudaensvidmntla
wdulum i figamgi 1050°C Wuiaan 4 4ol udausesiduilusinie it
%’uﬁummntﬂa‘%w{lﬁqmmgﬁ 450°C e 2, 4 waz 6 Falaa uddeslhifuiluonnae
%"umaumsU%'Uamws—'{wﬂmu%’auuamqﬁ’agﬂﬁ 3.2-3.3

C‘ q a ar ar 2 9 1
3U# 3.2 JuaudmivnsuSuanmiisanuounislunlaih su Controller C290 404
U3EW Nabertherm

gamnll (0)
A

Aenallawsu
= a o ar
#1 1050°C Whaaan 4 Tl

ek 450°C
et 2, 4 wag 6 2lus

81 (Faluq)

=l o 2 1 '
JUA 3.3 nivmmsdivanmdismnufeuveundnudelasiivugs
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A131 3.2 nsrvIumIeRuisutasdydnualvosduny

Tua _ asvIunIAnyiou _ -
AC aninnae (As-Cast)
D fanilawdui 1050°C, 4 faluq

D+T2 FanDlaetuit 1050°C, 4 $alus + wndeSad a50°C. 2 Falag

D+T4 faadlmsduit 1050?6; 4 $7lua + winde3edt 'QSOQC,"Q'%’ﬂm

0TS Aenblaviuf 1050°C, 4 s +wniloted a50°C, 6 lw

3.3 msAnwlaswaiugania
Y ] = o 1 ar '
mawdosdueiiofnulasaiganmiuainmaiuinsdendinsvdslunuy

WHINT0UAY ﬁaﬁﬂ']'iﬂ‘i‘ljﬁﬂ']‘i‘{ﬂ'llUﬂ'}’]ﬁﬁ@ﬂlﬂ‘ﬂﬂﬂ’lEfﬂ‘ivﬂﬁ‘iﬂﬂ‘i']ilL‘UE]‘J 180, 360, 600 uasz

1000 aud iy antunindnasiSessonainmysuing 6, 3 uey 1 pm wagthuAnfianih
‘uumu‘luwumauaﬂma Tasarsavanoildlunimaaeadl 3 wfia fo (1) NaOH 10 g+ KMDOq
10 g + Yndy 100 ml (2) n3a Na,S,05 10 g + n5a HCl 50 ml tuthndy 100 ml dleusn
AmuanAIsssnhavdenaluduasuasiniled (3) ase HCl 100 ml + CH3OH 100 mil
'l*m'am‘luﬂwnmnsﬂl,ﬂunm 1014 $alus wiai3undn (deep etching Alifudnvaeguss
%aam‘ﬂuaﬂu 3 {il 'ﬂ1nuumﬁumumﬁnwﬂmoaﬂwamﬂmanaawawssﬁmmuuaa (OM)
aquamammummmmaaamamwuavmaazyzy')mmaLmﬁﬂaummmmamamwuaswmu
Toyaviauanmauunimenaufimed ndesgavssmidiinnseunuusesnsie (SEM) Taely
s Backscattered Electron Image (BE)  Ssanunsaugnainuunnd sveauiasmalnama
uﬂi“naumaaaawm‘lum wsimilyd amnmnaammulumuaxmﬂumg;mnmnwm MyCs, MC
U8 MyaCy mmmmma‘uavmaummwvnﬂaumfaﬁmwmwnfnmﬁwmafuaumaumnfn 19
';miqvwaaﬂﬂizﬂaumamumaﬁnmmﬁnssqﬂam'z‘umﬁwlmq 7 lagnasinansnssans
wiwuesidiand (EDS) idaiundesgansamiBidnaseuiuudasn nauinaaminduay
Arstudgndin

Imaaswanuav‘auﬂuéammmaaman‘waeﬁﬂﬁmaﬁaa Anwdaaadesiiaseinng
Bonuureiidiend (X-ray Diffractorety: XRD) Tnennsiiiwinnaefiiiunitavenuias
TaazBuafiislildiafmirdonsaisndalymunlibu 0.5 wuiums Tasrimunyyannueg
Tugae 20 84 130 aeen Tanld Cu Ky kaw Cu Ky,
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3.5 nsvndauauuds

mmudamninsewninwselasiivsgmasouuuuinnes Tasthumdnvdeinion
ﬁw%’uﬁnwﬂmqa%’Nﬂan"zﬂﬁlﬁlﬁﬁmﬁ'm{hmmaau Tasldanauuumas Gwdhng 30
nTaﬂimLse W 15 5undt Sunuae 8 0 fa'1nuuiﬂamiaanﬂmaaqmsnaawamsﬂu
tLUULLammawma 100 tm lLau%ﬂﬂ’a’luﬂW’J‘EEENLﬁumLEN%m dy, dy m'iﬂ 3.4 wagmIuIua"
ruds funis 2.1 endhaheni 8 Anmdedy

Aansaudaumeasy Tasthihminng 100 nfuuss Wuaai 15 5Unit 411 8 0 Fein
ﬂ?’mlt‘mLﬂ‘i]‘miuUUBCﬁIulm‘UﬂﬂLﬂ‘i@dﬂﬂﬁa‘lﬂﬂﬁmﬁ

ﬂ'ﬂﬂllt‘ﬂﬁ'ﬂaﬂ’iﬂlﬁt’}mtﬂiﬂﬂ‘iﬂ%ﬂﬁ@ULLUU?ﬂLﬂﬂ‘i ﬂﬁ‘iU 3.5 Iﬂf}ﬂ’?‘iu'}tﬁﬁﬂ‘lﬁﬁﬁﬂ""""""'"' o

f 4 = 1 ooes
N 3.4 () insesvmsaunuudalaginuuuinmes fu Feotest comp 25 Rs U3ew
Galiteo () nsTmeunzLEy

Ui 3.5 (n) Lﬂ‘%amﬂaaum'mLﬁatmua;amﬂ U HV-1000 431% Jinan Testing Equipment
[E Corporation (4) Taanauinasaulasi
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3.6 MinadauaMIdumunNisinnsoy
AMudumunisianiausesmiavdelandaugs naseuingdsludiai
(electrochemical corrosion study) Tuansasanensadaiadn rranduiu 0.5 ludd s
Anudnuasanissesueluintalsiedu (anodic polarization characteristics) Ineld
mﬂuﬂiwmuwia'lmmuna (potentiodynamic) Jadumaiiedldszuniead 3 *zn‘lums

fIFY 3u'U‘UL‘iiaa 3 'U’J dsznauaig mma'au {(workine electrode, WE) ma'ﬁumumi

ADINSNABY- mmsaa (reference electrode) uavm'ﬂwamu {counter electiods) 1o
. - almAansinnsay ImammuaﬂnsmwmuauwLsamﬂ 3eq Potentiostat UM 3 6 u.ﬁm

aﬂnim%ﬁ%‘lumiﬂmﬁ'e)um'mmumumsﬂnn‘sauuawmuﬂiynau*aamiaa‘uuﬁ 3 ‘IJ’} mnuu------- s

m‘dumuwmun'|3maaum'snﬂnsaumﬁﬂwmumm Bndas SEM

PC Potentiostat
]
| V)
Salt Bridge

: If.:::'%gh— 5%-NaCl a

, Test Piece l
Reference electrode Counter electrode

3

= s 5 24 ]
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4.1 ﬂ’]?ﬁﬂ‘t‘:ﬂ‘tﬂJﬁLﬂ?{ﬁlf’aﬂmﬂuﬁﬂ'l‘iLﬁH'JL‘U‘N*l!%]\ﬁﬁﬁEﬂﬂ‘ﬁ‘
'i]’]ﬂf!'ﬁ’)tﬂ‘i'l“ﬁiﬂtLUUﬂ’ﬁLﬁ YHUUYBIELD ﬂ‘I‘JLWElUﬂULLﬁM‘UEma&ﬂmiﬁ"m (JCPDS)

%iln M;Cs (M = Fe Cr W) drandinvde Wa Ussneuewlassamulud sndnules andlug
M,Cs Way M.C mu‘lumanwaa W10 Usznaumoldsoamulud uadivules wazadlug

Hiin M;Cs, MC uag M23Cs: ‘Nﬁﬂﬂﬂaﬂﬂﬂ‘UﬁuTﬂﬁ‘ﬂﬁﬂ frmurai- uavﬁmu"['lf?]f"mm'nmanwaa*""

AliPaanunasifiueion Twio wuatlus MoCs druméniiaedi Ausiado dwtd% uas
10wt% wruAslud MeC uay MyCy

ndsmsoviianilawduiigamall 1050°C Wunan 4 $lue (©) wuilumdnnge
R, W1 uas wa ﬁﬂ‘ﬂmm‘Emu’lﬁﬁqa'ﬁuuam‘mﬁﬂmaa MaaCy druludnuas W10 arundy
vaursn iivilaiuazeanslud My.C ismnadudiedeuiuanmivide msiiuiureaniom
‘[sfmuammmsmaauwlaﬁlﬂnaaamu"l,usmjumsmui%m druatslud MyCs m%“tﬂumsl‘um
wrsgdianasnaulunsonles denndosiueniTovet Motsavi wagamy [21] fwu
mﬁumm&mulumaﬂwaEIQSLsJﬂuﬁa 279 Cr-3wi%C-3wtoOW o M,yCe penalafinsmuin
Tuméinude W1 difleveweamuluiandadnios dnlumdnvde R, Wa uar wio liwufia
vaseanuliinnde anatlissvniviinaiosauliannsonmnadaunudiemeia X80 8

winseuidndlawduasimuedeiigamaii 450°C Wunan 2, 4 was 6 dalue
0+T) vilvivsnonvdesamuluinadvlumdnvds R uas Wi anas doulumdnnds Wa
wag W10 1ﬁ1'euaaamu‘l,uﬁmnﬁ'm %&ﬁ'ﬁ]vaﬂuwamnmﬁﬁuﬁ’aamuﬁv’h‘lﬁmwmmm’tumi
uud (Hardenablllty) Wiz venswivdimssumieieiiavownndlug MpsCo tTLAY
luvndunen Famsludmeantiornsionimnnsnoulusswinsnisaummuate Wislfinan
: m‘mJaEmurJa%a&a%mu‘lummmuﬂumﬂum MaCs taztvlaslsy

YDUVANNRD 28WL%Cr wlmmummmu (R) awidiuviaaiay 1wtos (W1), awt% (Wa) uas
10wt (W10) luanmmdeuasudnssuiunismsaudou Fegui 4.1-0.4 wudivnnge
R uaumanwaa w1 Tugammae (AQ) Ussneufsiassmnulus ufmules wasandlug.
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4.2 Tane$agania (Microstructure)
4.2.1 Tassaineqaninlusnnimda (As-cast)
winmsdnlanaiganmafiondasqanssmisuuuas (OM) wazneIgansymi
Siinnsounuudeinsin (SEM) 1'm'niﬂ'§qaswafqamﬂ'luamwwaa'uaamarmaa 28wt%Cr i
Waniaanu (R) tﬂuu..uuLa’lﬁﬂamnmﬂwﬂsuﬂaumﬂmulmmaaaaﬁmu‘lmﬂﬁunn (y) aslud
YNNAN MyCs sLauamnmnaaamulummﬁaaumumsmulﬁm (o) sswhadudlunuumde

ﬂ\l'i‘d 4.5 ammam&aa 28wi%Cr- mmumamu Twtgh(W1)- Iﬂ3*1‘615‘1\‘35]"L‘lJﬁElUL‘UULLUUW o

Iamasamnmnwﬂi.,naumaﬂfﬁlmﬂﬁunn MG ginndinpaamulud (y) wazariludgmnin
MG dagdde
T,maﬂumaummmmmmmanﬁaauuula‘[ﬂgmnmmmmnﬂmmm (L) nafuly

Lmu’lmimaamulumﬂﬁunu Ly > primary ¥ + L)a]'1nuumaqmmnaﬂammﬂgni&n

amnmnﬁaqmmmwaa Ly ajsujaﬂutﬂu‘lﬂ'saaﬂwmnmﬂwﬂsvﬂaumsgmnmaaamulum
uavgmncﬂﬂmﬂw MG (Ly 5 eutectic (Y + MG ﬂ'muumamumlwumauamma‘luLLUU
waaamnmnaaamu‘tumutﬂaaugﬁumimaﬂw dwmaﬂaauuulmﬂa‘sgmﬂmmsumn
Yanan (L) naml.ﬂumﬂumﬂﬁunu M7C3 {Ly > pnmary MGy + Ly) mnuumaammn
aﬂmwmﬂgnsmamnmn YBaaIfivde {Ly %"uJaElumuiﬂsaaswsmﬂmnwummn’u
wmanmasuuulalugmndn [17]

dwiumdnvaeiifuiaen aw (Wa) ‘luﬁmvmfiamﬂ‘iaa%ﬁwamﬂLLUU’I,SLUEJ%
gwnanduistuminuae Wi uakumﬂmsmnmn MeC wuﬂaumﬂamammaﬂ fagu
4.7 Tngmsudaiavaandnude Wa wﬁgnimamﬂmmvLnﬂiﬂiaﬁswuawmnmnaaamaﬂum

LLﬁ“ﬂ’]’ﬂUﬂEiLﬂﬂﬁﬂ‘UEN M7Cs e MyC (L > eutectic (Y + MyCs + MO

idnndalisaa 10wt% Wi IUﬁﬂ’ﬁmaﬂﬁ]uiIIﬁNﬁ‘i’]ﬁﬂaﬂ‘lﬁﬁ'}ﬁ]‘m
wdnvds Wi Laz wa IﬂEJ‘:‘iU’J’}Iﬂ'NﬁS'NU?’ﬂBUﬂ’JEJﬂ’I‘ﬂUﬂUﬁﬁlmJ M;Cs a5lust MysCe
m%‘lumqmnmn MeC wazgmnfineeainulud degu 4.8 Ims'uumaun'mmmfuaqmamnaa
W10 Lih%’lﬂﬂ’l‘itﬂﬂﬁ’lﬂﬂﬂﬂﬁuﬂu M Cs {Lo > primary M;Cs + L) 'imuu‘uaemammaam
mﬂgnimﬂumﬂumﬂﬁmu MCy (ﬂgnﬁﬂw{asmnmn) waduanflud M3Ce (Ly + primary
MG > MaGe + L) u,a“maammuamawumﬁgﬂsmﬂmnmmmm‘[maam
'ﬂmnmﬂaaamu‘l,umuasmﬂmgmﬂm MC Ly > eutectic (Y + ML) Ing Imurai
waenug [17] 85uteiuse mwmﬂmmmmﬂumﬂﬁmn MyCs (ﬁimmaum) mamu@vgn
wanaanwﬂwuﬂamuﬂsmmmaLmumnwuaummﬂumﬂm M23CG (nmamuaa) LY
mamﬂgnsmamﬂmﬂavmmmﬂmgmnmﬂ MqC %wuwuqm'i]'mmiamtfluiﬂﬁamaﬂma
uanmmﬂumanwaa W10 ‘memﬂmﬂmﬂmﬂ MGy Lummﬂmﬂm MiCs vziiinld
nmamamﬁmmmsvaum



29

U7 4.5 Taseaduganialuaniwndavenninnds 28wt Alidusiaaian (R)
(n) pwiEnenndes OM (1) Amid1wa1nndes SEM-BEI (N57 NayS,0s 10g + HCL 50 il T
ndu 100 ml)
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U7 4.6 Tnssarqamaluanmmdevenndnude 28w%cr MfuTamay Twid (W1)
(n) Amd1E9NNaDY OM (9) Awd1ea1ANdes SEM-BEI (N5 NayS,0s 10g + HCL 50 mt Tu
WIndY 100 ml)



UA 4.7 Taseadrsganinluanimmdovenninude 28wisscr Mfuieainy dwtss (Wa)
(n) AmideNNdas OM (1) nMweeaInades SEM-BEI (130 NayS,0s 10g + HCL 50 mt T
Wndy 100 mO)
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Ut 4.8 Tassaheqamaluanmindevoundande 28wi%Cr MAuiaay 10w% (W10)
() veheAndes OM (1) Mwdisainndes SEM-BEL (A5 NayS,0s 108 + HCL 50 ml Tu
dndu 100 mi)
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mﬂm'ﬁLm"i“ﬁmins"ﬂwﬁwaﬂmmﬁ'wmﬁ’ﬂmins"a'18115@0'114?}@@365!.%%
(EDS) wuuye lumdnudetlhiusisam (R) wm”m'itammmﬂmvuﬁ‘%mmmmmanm G
arslud MG, %vmﬁfm‘lﬂﬁmammvm‘zuau'luﬂimmm flagy 4.9 mu’lumanwaa w1
'ﬂmﬁmaLmua]vaumaaam‘lau,umn% ﬂ'1=slnmjﬁmmtaumﬂmamnmn MiCy flag 4.10
mu‘lumanwaa w4 1’nn'ftummnima.umﬂmamnom MzCa 8 MC SUSaaiviaaimuisiy

1ATN a1gU 4.11 Tawarilud MC uﬂimmmﬁmuaqmﬂ M,C, m’lﬁmwmﬂluiumi

-Backscattered.-electron - image - (BE!) - slpaunsnasifiadtenda s Luaqmﬂmamuma'U"”""""

DENDILIAY 74 "(Nﬂx‘iﬂ'}'lmaﬂLLﬁuIﬂ‘iLiJEiiJﬂilﬂ'lWi']ﬂU 26 way 24 mudgey ﬁau‘lumannaa

W10 wmwmamuﬁ]uaumeﬂumﬂum MC unilgn sesasndaanslud MasCo-88- MGy oo

WY ﬂxﬁﬂ 4.12 mﬂﬂmms'lamumnm'mﬂu Wﬂﬁﬁ'ﬁﬂimlﬂﬂLL?Ju‘ﬁUﬂ‘U@Qﬂ']‘ilUﬂvlﬂ Iay
arslud MeC Nﬂi]‘lJWi‘]ﬁﬁﬁ'l']\?l]"lﬂﬂﬁﬂ JoRRen1Stud M3Cs maﬂwwﬂmamaﬂm

wazaslud M,C, mmauwmmmmaﬁwuwaw

NN1IMANTALVUEN (Deep etching) deasazaransa HCL 100 ml + CH,0H
100 ml ssvirliumindeesseamuluivgasen Wilviudnunrvesndludly 3 03 fagu
4.13-4.16 Ima’iumaﬂwaawlmmumamu ®) - arsludamnin M,C, uanwmumuufmma
(Plate) mmwmmmﬂugﬁwnmaau druvdnuas W1, Wa uay W10 mmsmumamuav
muamg:u~=z;aam-§1uwﬁuquwmmﬂ‘lwmaum%‘l‘uwamﬂﬁn venaniesiiuinnindy
gl ul5ann 14wt% seildasludgmniniivunlngfunasiissasrinesening
afluifinin usidlodusiany 10wi% afludgiivurmdnaes uﬂsmmwén%u vinly
L‘Mﬁﬂﬁﬁﬂ w10 fivdalasiiud (Area fraction) ‘aaamﬂuwﬂﬁunuuavmﬂumgmnmnmn
"ﬂﬁﬂ dleSsuleuiuménnds R, W1 uay Wa Luaw1ﬂmﬁmmﬂummmnmswmﬂu
ansusutiniJunasludledne (Carbide forming element) mumuaﬁimmmamummnm
dwalvimiludlulaseadaiviu
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@ . daunaNNIAl (wtd / at9)
U3tons
Fe Cr C Si
wwisng (1) 18.50/7557  19.51/20.10 0.52/231 0.61/1.16

ﬂ’lﬂ‘uﬁg}t'ﬂﬂﬁﬂ MiCs (2)  34.93/31.01  62.10/59.26  2.16/8.91 0.45/0.60

c=i < & e o B e fR e Bt "":‘"'Iq ar .
U 4.9 mylenisduinnsdiedfieatediuinvde 2ewiteCr  Alaiueatau (B)
Tusammeo () Mg BEL (1-R) awlanfuunasng () uamsiiesied



b.90 .04 499 .99 .90 1b 0.9¢ 204 498 .09

@ dAunsumnll Wi% / at.%)

Ui Fe Cr C Si W
wvisndg (1) 73.65/60.88 16.39/14.55 03.73/14.30 01.15/01.89 02.39/00.60
ansludUsugil MG, (2) 25.85/18.01 58.88/05.05 07.38/24.06 00.57/00.81 03.05/00.66
asludginniin M,C, (3 29.21/20.48 56.49/02.50 07.83/25.53 00.72/01.01 01.62/00.35

=t =
i’d?’l 4.10 My mf‘mmﬁmmaamaﬁ%amamﬂaa 28wt9%Cr mmumamu Iwt% (Wl)

-Iuamwaa (R} pwae BEI (7-9) mﬂnmsmaamm (2) mamTRATIE
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Fe

Cr

2

6.00

&.00

404

404 £.00

938

S50

(3)

MEBh!

- dumdunLall (wt%/at.06)

Fe

Cr

C

Si

W

wivisnd (1)

13.52/64.92.17.33/16.44 -01.44/05.92 -01.14/02.00 - 03.37/00.91

ASlUgunll MiCs 2) 22.60/16.16 62.17/47.76 05.69/1891 00.39/00.56 02.74/00.06
Aslusigmngn M,C, (3) 24.55/17.95 58.80/06.18 05.53/18.79 00.79/01.14 04.49/01.00
ensludgmndn MeC (4) 37.67/d0.26 17.79/20.42 02.13/10.58 02.74/05.82 36.72/11.92

< = v ' A s oa
JUR 4.11 meleswiUiinuswihedfeaveandnude 28wiseCr MAuismay dwtos (wa)
lugnwiviee (n) awice BEI (1-1) andnnfuvessns) (a) wanivinses
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N

17
o,
LI St

y"}?": 5 ;f’/’ ;
XA fﬁ;,:; LI

2,
4

@ daupauynaedl (wit / at.%)
O USna Fe Cr C Si W
wvisnd (1) 69.76/65.15 20.02/20.09 04.65/11.45 01.02/01.24 06.22/01.76

Asludugugil MG, (2) 19.66/16.90 67.11/61.96 05.69/1891 01.10/01.60 06.77/01.77
afludienniin MeC (3) 21.60/34.52 10.79/18.52 03.08/14.71 01.05/01.16 64.83/31.46
ATSUR MysCy (4) 28.76/29.20 41.35/85.09 04.31/16.26 01.06/01.17 24.78/07.64

= oy oY 2 =3 1 . 4
UM 412 aAlensiBinasmindfeaveandnnas 28wtoeCr MATENY 10wt%
(w10) tugnwivde (1) nwene BEI (v-9) awneduvessn (@) vansiamed
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cf U 3 = I 1 P oe 24
R 4.13 dnvasveanmiludgmniin Tusnmvaeveundnude 28wtosCr Alidiuriamy R
waansianTALULEn (Deep etch) (1) AT BRI OM (1) AMEIBRINNADS SEM-BE]
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Ul 4.14 dnvarvessludugugiinasarsludgmndntuanmdeveundnvds 28wioecr
d =y ar o ot = 1 r
wanneaau wt%  (W1) vasnisnansauuudnDeep  etch) (n) AMBNB91NNEEY OM
() AMENBINAEDY SEM-BE]
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= as ¢ s £ o 1 t
jun a.1s anwmwaqmﬂuwﬂguquuamqﬂumQwanmﬂluan%‘maafuawﬁnwaa 28wt9Cr -
4 a e ar o ' v
VLANMAGAY AWt (WA) ndsninansauuudn (Deep etch) (n) avig1eeInndss OM
() AMEBINNEBY SEM-BES
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U7 4.6 dnvasvesdludvgugiiuaznidludgmndnluanmwssseundnuse 28woscr
é or s f E=] 1 k23
VLAUTNEAY 10wi% (WI10) vaaninansauuuiin (Deep etch) (n) Awgneannndss OM

(%) MWia1eINNEDY SEM-BEI

3
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4.2.2 Tassa$reqaniaudansyusumenuamadou

msevfaadlawdu

maqmsaumamu‘l,mwwammu 1050 C 1Hhanan 4 dhlug wUIIATETINgeNIA
YBUWANYAD 28WL%Cr wlmmummmu (R) wasiuvisainu 1wl (W1), awt% (W4) uaz
10wt% (W10} Ussnaussasludniiendl (Secondary carbide, SO anasnoulutlnsvive
s ludiudouiundmuled szl 4.17 ’im‘lusvmwm'saumamulatwumm’lﬁmm

IﬂsLuﬂuLta.,msumma:;awaa”imwsn%aaaaamulummmﬂumuﬂwslummam Wl —

U'immm‘mauuau‘[ﬂsmaﬂuaaamu‘lumamaq aqNalwammmaqm'smmmsmulfﬁmri

amwnummﬁ 0°C Laauwmwammwm vileasmuludannsadowduimiledly
mqamum’tummﬂ [1-2, 24]

uanmﬂuﬁ]ymuﬂmslumwmanwmﬂmﬂau'l*lmmmlﬂaﬂmﬂ'%‘[umamnmﬂmu

lnadfiuuasaisusussgnadneonaninsuilivGualesilvunagsafueuuinmunan
wndlasvidnduinameuingy Jufniluedeavesendludnionilunaosuasilslniuis
fiuunalvg) (Wiengmoon Wagraus, 2005) 910015 ANSALUUAR AN T uS N ST YBIANS
lusimgniilu 3 G5 dagu 4.18 Tnsandlusdviniddnuosduuis (Rod) munmdnideudediy
Wunndne (Network) %'amﬂuﬁnﬁﬂgﬁﬂ'mmﬂwﬁﬂ MosCe Sacanadeafuna XRD fiviu
ASTUR MpaCy udsmseudiamdlawdu

nmﬁuﬁ’aamu‘lwmﬁnwda 28Wt9Cr m‘tml‘%uwmwaqmﬂ‘ummannuﬂ‘%mmtﬁu*z}’u
FesoandosfusniFenounil 241 usnannilfwmuindotsinatamaiiutunssiians
lusdwdepiifvumidnasuaviavdnlnofiuifingndy Swaiuld vainisiansauuudn

d ar A ) o o e - £a
Wennnvisaauiiasaeedluavsnddnounasssmiaiu Fe, Cr uay C Wumsludyiond

mmﬁnanuawﬂ%mmmnmwmmnmamu‘lmm maamﬂ'{u?’mqamsmam*’aaqaaa!,mﬂum o
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Wi

Wwd

W10 |yt

¢J 1 25 v oo =Y
JUR 417 awidigenntes OM uaw SEM wansnisnnnvnauveanmiludviend O lu
g Y] = ot 1 IR =
wsiiled (@) ndnsevfianlasduveundnwde 28wtoeCr AluBuvsmay ®) wasi
WAy 1wio% (W1), 4wt (Wad) uag 10wi% (WiQ)
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A Ulawduuasmuaie

o - 1Y) o = a o
wdnsaviiawdlawdunasiueieigungil 450°C Wunan 2, 4 way 6 $ilus

' ¢ o  od ¢ 3 7 - | 9 ar
vuhadludndegiifinnes neulumulasiveunimulediiiuuininiofivuiundanis

= ar L} -:* 5 ¥ .:J =
auiisnSlasfundiniior disnalumssumueinmiay miludinnngnouesiiviuna
Wi fag 4.19-4.20 neansludfinnngnanlumilanivssnouseasludyisniinty
sewinsnseviiadlawdunaslafulusewinseumueds saukamueniflud

(Tempered carbide). ‘wLnﬂfuu'lumwaamsmmmﬂaswwummmanmﬁmﬂumwmaqu
deftersavinvaeiiliduisan R fumdnvaofiunisawmy (W1, wd, W10)
ﬁwmu’;'maamsaummﬂaﬁdumarmaawLmumﬁwmavumsmmﬂ“ﬂaumﬂﬂﬂ wonamnilgs

wuiudleUBnaisaauiintuan 1wto du 10w% Fnaumseanslud fuslniiuiy
Fesdnnaldanmsiiandluduunmdn 4 Suommandinsimudeie desanlussnin

o o = o o« & w e
pasvivisasesnn W, Fe, Cr, Cliagadhuuviindguosmnulaivion samuludessaudaiy—————

d ¢ . e e Ay e o ) v X A ' < |

Whanuanislud amnuanisiwievidedmeadldng e uning Anuinluwdnvas
= r ‘:: =y £ 5 13 I

W10 sziluSunuamuiiszansluunindvesseamulufunniiuinugs W1 wae Wa

1 o = &

danaliasludfinnngnsuiiusuiaundy

nysilasulavesanslusd
1 I .:1 a o P L3 1 v | 4 =
MV 28wtoCr AfuivasuiiohudunIsuasneauiay uangninig
L3 =y =, -y L3 “v R4 A
anagnouvesatiluivisniluanindesamuleduds dwunsasumlavesislud
a & = o v a '3 ¢ ¥
Ugupiiuvagadludgmnin M,C, Sndos lesdannainaeunsaduasn Sludidsuaindudy
oy & 1 1 = = ] =l A:J =t a L74
WuaaunIraangI1nusunneey lesluwanvdes W1 9giinasiasuidafisadniay
&8 ) = ar - e Ko
Tuvsiwénuas Wa uae W10 wlUsInaisEmugaiuntsiUAsusiauntiy usnenniél
wudimshsuaivualiufiadudionatiuniseumseSuiiu duaadugy 4.21-4.22
Wiengmoon uagamey {3, 19] wUm'iuJaﬂummmmﬂmgmﬂmn’lumafmaa
30wt96Cr-2.4wt%C ndsmsvidtenndlawu Tnssuhensludgmnin MiCy Bsumu MysCe
vinuveu ludnume Coreshell structure Aiiunwdiu M,C, naziondiu M;3Cs Vel
' 2 o« 1 : <= I L = & = T
Wlengmoon HAEANE lﬂaﬁmmﬂwumwnﬁﬂumamu’tatﬁw gmndinanilus M;C, Galal
: Lﬁﬁaiwamwﬂnmmunmﬂaaumﬁl,ﬂu MsCs wummtammammnaamﬂnfn aglsfin-
Iumswﬂammau‘luwumsxﬂaauwla%am%’lumamnmn‘lumanwaa 28wt%Cr laLdu
ey vatlenvvsionnentiinuleadoavinvdeiviimad
PnMTiangiaedies Tudagl 4.23-4.24 1‘4m'm=sr;mtmwaamﬂumamnmn
W3nadl 2) %umm‘lamau’luﬂsmmm druvStauey Winah 3) willasfiouanas wiil
Swwanuay WUty mwa‘lvmsnmaumwwmamwaawamwmmunu
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D+T2

D+T4

D+T6 |
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Abstract—In-this-work; the effectsof 1-wt.% tungsten addition and vARaton in tempering times on
the microstructure and hardness of nominal 28 wt.%Cr high chromium irons were investigated, As-
cast samples were destabilised at 1050 °C for 4 howrs and then hardened by air cooling. Tempering
after destabilisation was carried out at 450 °C for 2. 4 and 6 hours followed by air cooling, Xeray

diffractometry, light microscopy and scanning electron microscopy were used to characterize the
microstructures of the irons. The results show that the as-cast microstructure of the iron without W
addition consisted of primary austenite dendrites with eutestic M7Cs and eutectic austenite partially
transformed to martensite. The iron with 1 wt. %W addition contained primary M;Cs and eutectic
M7Cs in an austenite matrix. Destabilisation treatment of the austenite matrix in both irons allowed
precipitation of secondary carbides and transformation to martensite during air cooling., Phase
transformation of eutectic M;Cs was also found in the iron with W addition. The formation of
primary M;Cs in the 1 wt.%W iron increased the as-cast macro-hardness from 500 (no W) to
576 HV3p. Destabilisation increased the macro-hardness up to 736 (ho W) and 780 HVag (1 wt.%W)
since secondary carbide precipitation allowed austenite to transform to cssenfially martensitic
matrices. At longer tempering fimes, the macro-hardness further increased up to about 820 HV 3.

Introduction

High chromium cast irons are widely used for wear-parts in the mining, mineral and cement
industries, due to their high abrasion resistance, relative low cost and case of production [1-3]. The
high wear resistance of high chromium iron stemns from the presence in the microstructure of hard
alloy eutectic carbides supported by a suifably tough metallic matrix, As-cast microstructures
consist of a matrix of primary and eutectic austenite surrounding the eutectic carbides. There is
usually some transformation of the eutectic austenite to martensite adjacent to the carbides. The
irons can be used as-cast since the austenite can transform to martensite at wear surfaces during

...... - service to form a self-replacing hardened layer [1]. ‘Alternatively, after svitable heat ticatmnt to
destabilise the as-cast austenite matrix by precipitation of secondary carbides, the irons can be
through hardened, even in relatively heavy sections, by air cooling and then tempering to provide )
hard, tough tempered martensitic matrices. These hard imatrices give greater mechanical support
than austenite and hence minimize sub-surface cracking of carbides during wear service {1]. A
typical microstructure after destabilisation consists of secondary carbides surrounded by a matrix of
martensite and some retained austenite [1-3]. Tempering after destabilisation is used to transform
the retained austenifte to martensite and carbides, or to ferrite and carbides vig a bainite-type
reaction, and hence to control the final hardness and toughness. Very fine tempered carbides form
during tempering [1-3].

Additional carbide-forming elements, particularly Mo, W and V, may be added to high
chromium cast irons to improve their properties. The aim of such ailoy additions is usually to
achieve some modification of the eutectic carbide stricture by obtaining harder carbides and to
increase the hardenability of the matrix. It has been reporied that W additions to high chromiun
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cast irons can increase the cutectic carbide volume fraction and improve hardness and wear
resistance [4-7]. Imurai et al. [7] found that W additions promoted the formation of W-rich M;C;,
MeC and MxCs carbides. However, the effects of W on destabilised, air-hardened and tempered
microstructures and propertics have not been investigated. The present work examines the effects of
a 1 wt.%W addition and different tempering fimes on the microstructure and hardness of nominal
28 wt.%Cr high chromiwn irons.

Materials and Methods

Sample preparation and Heat treatment

Table 1 shows the chemical composition of the irons which were produced as dry.sand cast-test-——— - -

bars, each 300 mm in length x 25mm in diameter. The as-cast samples were destabilised at 1050 °C .
for 4 hours and then hardened by air cooling, Tempering after destabilisation was done at 450 °C for
2,4 and 6 hours followed by air cooling,

Table 1 Chemical composition of the irons by spark emission spectrometry

Specimen Elements (wt.%)
code C Cr W Mo M —— Ni Si P S Fe
R 2.36 2786 001  0.03 0.11 020 020 002 001 Bal
W1 2,87 26,67 099 0.03 0.15 022 044 003 001 Bal

Characterization and Hardness Testing

Specimens for light microscopy (M) and seanning electron microscopy (SEM) were ground on
silicon carbide papers and then polished with 6, 3 and 1 pm diamond paste. To reveal the general
microstructure, the etchant wsed was 50 ml of HCL and 10 g of NayS;05 in 100 mil distilled water.
For deep etching to reveal the morphology of carbides, the etchant used was 10 vol.% HCl in
methanol. The phases present and microstructures were analyzed by X-ray diffractometry (XRD),
LM and energy dispersive X-ray spectrometry (EDS) in STM.

Vickers macro-hardness testing was performed on un-etched specimens using 30 kgfload and 15
seconds indenting time. The mean valies are based on fen different areas in each specimen,

Results and Discussion
XRD analysis

Figures 1 and 2 show XRD patterns of the 28 wit. %Cr (R} and the iron with 1 wt.%W addition
(W1). XRD results confirmed the presence of austenite, MyCs carbide and martensite in the as-cast
condition of iron R and iron W1. After destabilisation and destabilisation+tempering, secondary

carbides formed canbe Mp3Ce. . . . e
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Figure 1 XRD traces of the as-cast, destabilised and destabilised+tempered (D+T) at different times
obtained from 28 wt.%Cr (R) iron, Note that y = austenite and o’ = martensite, respectively.
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Figure 2 XRD traces of the as-cast, destabilised and destabilised +tempered (D+T) at different times
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Microstructure

The as-cast microstructure of the reference iron (R), shown by LM in Figure 3(a), consisted of
primary austenite (y) dendrites with an interdendritic eutectic structure of M,Cs carbide + eutectic
austenite, which had partially transformed to martensite (a") during cooling in the mold as shown
by SEM in Figure 3(b). Addition of 1wt.%W to the 28wt.%Cr iron changed the microstructure from
hypoeutectic to hypereutectic in nature to give primary M;Cs, primary austenite matrix and eutectic
(v +some o+M7Cs) as shown in Figure 3(c, d). As observed in another work [5], due to the tungsten
addition, the eutectic carbides in iron Wi tend to be coarser compared with those in iron R. The
presence of primary carbide in iron W1 is also encouraged by the higher %C content. From SEM-

EDS.analysis-tungsten-was-said-to-be-present-in-the matrix-and-trentectic M7Cicarbides [6-8].

- After-destabilisation; as-seen-in-Figure 4, the matrix microstructiires in both irons consisted of

secondary carbides surrounded by martensite, some retained austenite is also likely 'to bé present.

Afier tempering, more secondary carbides were observed within the dendritic matrix as compared to

- themicrostructure-after-destabilisation (R- iron-in Figure 5 mnd ion W1 in Figure 6). At Tonger

tempering times, the sizes of secondary carbides increased and they tended to connect together to
form a network. In other 27 wt %Cr irons, secondary carbides precipitated during destabilisation
have been previously observed to grow larger during tempering [8], Furthermore, microstructural_

changes observed in the eutectic MyCs afier destabilisation/tempering of iron W1 are shown in
Figure 7. In iron W1, the phase revealed in the brightest contrast was found from SEM-EDS
analysis to show a higher W content than other phases The Fe/Cr ratio of the eutectic MyC; (area 2)
and of the W-rich M23Cg with the brightest confrast (area 3) were 0.42 and 0.82, respectively, From
a previous work [7], the Fe/Cr ratio of the M;Cs and W-rich Ma3Cs were 0.34 and 0.62,
respectively, and cutectic M7Cs partially transformed to MayCy forming a core-shell structure during
destabilisation heat treatiment of the 30 wt. %Cr iron [9-10].

Figure 3 Light micrographs (a & ¢) and backscattered electron images in SEM (b & d) showing the
as-cast microstructure of the irons (a-b) reference iron (R) and (c-d) 1 wt. %W addition (W1).
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jn

Figure 4 Light micrographs (a & ¢) and secondary electron images in SEM (b & d) comparing the
secondary carbides (SC) within martensite matrices (') after destabilisation in iron R (a-b) and iron
W1 (c-d).
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Figure 5 Secondary clectron images in SEM comparing the amount and distribution of secondary
carbide (SC) within martensite matrices of R iron after destabilisation {a) and destabilisation +
tempering for different times (b) 2h (c)4 h (d) 6 h, respectively.
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Figure 6 Secondary election images in SEM comparing the amount and distribution of secondary
carbides (SC) within martensite matrices of iron W1 after destabilisation (a) and destabilisation +
tempering for different times (b) 2h (¢)4 1 (d) 6 h, respectively,
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Figure 7 (a) Backscattered electron image in SEM shows eutectic carbide after destabilisation in
iron W1 (b-d) EDS spectra from the matrix (1), eutectic M;Cs (2), and the brightest-contrast M33Cs
(3), respectively.



122 Microscopy in the Field of Materials Research

The effect of W and heat treatment on macro-hardness is shown in Figure 8. Tungsten addition
increased the as-cast macro-hardness from 505 HVyy in iron R to about 570 HV3y in ivon W1, This
is due to the formation of primary carbide.

Destabilisation heat treatment increased the macro-hardness to 730 HVap in iron R and to about
780 HVip in iron W1, due to the precipitation of secondary carbides and the subsequent
transformation of austenite matrix to martensite. Tempering after destabilisation further increased
the macro-hardness up to 770 HVap and 820 HVs, in the irons R and W1, At longer tempering
times, the macro-hardness tended to increase. Tungsten addition gave a higher macro-hardness, this
is due to a higher amount of martensite, secondary and tempered.carbides.
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Figure 8 Effect of W and heat treatment on micro-hardness of irons R and W1, Note that AC =
as-cast, D = destabilised and T = tempered, respectively.

Conclusion

In the as-cast 28 wt.%Cr-2.5 wt.%C, the microstructure consisted of primary austenite dendrite,
eutectic MyC; and martensite. The iron with 1 wt.%W addition was hyperentectic containing
primaty MCs, eutectic W-rich M;C3 and martensite. The as-cast macro-hardness in the irom with W
addition was higher than the iron without W addition.

- .The microstructure after destabilisation heat treatment- contained secondary carbides dispeised

within a martensite matrix. The microstructure of eutectic M;Cs in the iron with W addition
changed afler heat treatiment. )

At longer tempering times, the volume fraction of secondary and tempered carbides within the
dendritic and eutectic matrix regions increased, and also the macro-hardness of both irons.

Acknowledgements

Naresuan University is acknowledged for funding support of this work under Grant No.
R2561B078. The authors are grateful for use of SEM facilities at the Science Lab Center, Faculty of
Science, Naresuan University.



Solid State Phenomena Vol. 283 123

EAL e Lol B ut ) LW v

[1] J.T.H. Pearce, High chromium cast irons to resist abrasive weat, Foundryman. 95 (2002) 156-
166.

[2} C.P. Tabrett, LR. Sare, M. R. Ghomashchi, Microstructure-property relationships in high
chromium white iron alloys, Int. Mater. Rev, 41 (1996) 59-82.

[3] F. Maratray, A. Poulalion, Austenite retention in high chromium white irons, AFS Trans, 90
(1982) 82-87.

[4] S.HM. Anijdan, A. Balrami, N. Varahram, P. Davami, Effects of tungsten on erosion-
corrosion behavior of high chromium white cast iron, Mater. Sci. Eng. A. 454-455 (2007) 623-628.
{5] Y. Lv, Y. Sun, J. Zhao, G. Yu, J, Shen, S._Hu, Effect_of_tungsten_on_microstructure—and

properties of high chromium cast iron, Mater. Des. 39.(2012) 303-308.

 (2017) 77-85,

[6] E. Carrillo, A. Bedolla, 1. Mejia, C.M. Zepeda, 1. Zuno, Effects of tungsten on- the -
microstrncture and on the abrasive wear behavior of a high-chromium white iron, Wear. 376-377

[71 S. lmurai, C. Thanachayanont, I.T.H, Pearce, K. Tsuda, T. Chairuangsri, Effects of W on

microstructure of as-cast 28 wt.%Cr-2.6 wt.%C- (0-10) wt. %W irons, Mater. Charact. 99 (2015) 52-
60.

—[8}-A—Wiengmoon, T Chairvangsri, N, Poolthong, J.T.H. Pearce, Electron microscopy and

hardness study of 2 semi-solid processed 27 wi%Cr cast iron, Mater. Sci. Ting., A. 480 (2008) 333-
341

[91 A. Wiengmoon, T. Chairnangsri, A. Brown, R. Brydson, D.V. Edinonds, J.T.H. Pearce,
Microstructural and crystallographical study of carbides in 30wt.%Cr cast irons, Acta Mater. 53
(2005) 4143-4154.

[10] A. Wiengmoon, T. Chairvangsri, J.T.H. Pearce, Microstructural Study of Destabilised 30
wi%Cr-2.3 wi%C High Chromium Cast Iron, IS1J Inter. 44 (2004) 396-403.



UNAMLAAE

HATRIIALAULAZNIELIUNITIIAN T audelAseaEieannia
wazaaudamaauinudalandangs 28 wi%Cr
Effects of Tungsten and Heat Treatment on Microstructure

and Hardness of 28 wt.%Cr High Chromium Cast Irons
ARy §A0 way dime ke~

Sasitorn Yeekew and Ampom Wiengmoon®

massRand aoy EINenaans unIvendaayagy

Depariment of Physics, Facully of Science, Naresuan Universr‘ty

________Rgg:e_zjyg_t_i ;12 June 2017

Accepted : 11 Seplember 2017

Published online © 21 September 2017

UNARE B
\1mﬁé"ﬂi‘flﬁﬁnmummqﬁ’qmmmtﬂznn‘:u'mn’usmmmu’%ﬂuﬁiﬂfﬂNﬂ?wﬁﬂmmm:mwu'ﬁwaq
wiinudaTanilngs 28 wi %Cr T 1wl % Tnerimdnithunmde U aRamnmdaean o
gaungdl 1025°C 1hinan 4 $alig uamuﬁuﬁ'ﬁqmuqﬁ 450°C 1faen 4 T A AR IMAREINLAY
mﬁnuﬂ'affi‘hilﬁiuﬁ’mu-mﬁ‘imaﬁ’a‘wmmraﬂ senandaulamainulanigesnaan uflguginazan g
gwningiin M C, ﬂqumﬁnuﬂ’aﬁtﬁuﬁeatmuﬂ?znﬂuﬁhﬂw&ﬂﬂﬂ?b_m'ﬂﬁuqﬁuﬂ:mﬁum’mmﬁn M,C, udanas

[

ﬂmmnﬂm'nmwﬂmmauwun'lTlumwmﬂqumnm"nmﬂumfmu'lifm v auavi e Fudyioni

]
o

twmna Tﬁlifmﬂﬂvlﬂﬂ‘r’l [mmummmutm Lﬂ”ﬂdﬁlﬁlu‘luﬁn'}}'iuﬂﬂuFI'I’N-JH.‘ﬁ\! 507 Uaz 576 HV30 maanardiu

Lﬂnmn'w{mtrﬂ'mmﬂummll‘ﬂ»u‘.‘majulﬂu 736 maz 780 HV30 uﬂ\m’n‘ﬂumm"qnﬁﬁwhﬁ'u 743 Uaz 805 HV30

AdiAny ;. manudelaniilungs mnliatssnandianiudon nreufu Tnngiwgana Al

Abstract
In this research, effect of tungsten and heat treatment on microstructure and. hardness of 28
wt.%Cr high chromium iron with 1 wt %W addmon was studied. The as-cast samples were destabilised at
' 1025 C for 4 h and tempenng at 450 C for 4 h. it was found that the as-cast microsiructure of the iron without
W addition consisted of pnmaryrausienite dendrite with eutectic M,C, carbides. The iron wilh W addition
consisted of primary and eutectic M,C, carbides. After destabilisation, precipitation of secondary carbide
within martensite matrix was occuired in both irons. Tempering increased the amount of secondary carbide.

The as-cast hardness of the irons without and with W addition were 507 and 576 HV30. After destabilisation,

the hardness increased up to 736 and 780 HV30. After tempering, the hardness were 743 was 805 HV30.

Keywords : high chromium cast iron, destabilisation, tempering, microstructure, hardness
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