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Effect of Cr, Mo and V on Spheroidization of Carbides in 0.8%C Steel

Taira NAKANO, Hiroshi KAWATANI, and Shushi KiNosHITA

Synopsis:

Effect of Gr, Mo or V on spheroidization of carbides in 0.8%C steel by slow cooling annealing has
been investigated.

An addition of Cr remarkably accelerates spheroidization of carbides, while additions of Mo and V
do a little.” X-ray and analysis of carbides has indicated that MyC and M,C; are only carbides observed
throughout the annealing process in 2% and 5%Cr steels, respectively. In Mo and V steels, however,
carbides formed by eutectoid reaction proved to differ from those surviving in austenite on annealing,
that is M,,C, and M,C are cutectoid carbides in Mo and V steels respectively, while Mo,C and VG
survive in austenite in Mo and V steels respectively. Although the addition of any of these elements
results in increasing amounts of undissolved carbides in austenite, the fact that Cr has a marked effect on
spheroidization of carbides strongly suggests that an undissolved particle of carbides in austenite in Cr
steels should act as a center for the precipitation of eutectoid carbides since undissolved carbides are
identical with eutectoid carbides. Thus it is concluded that identity of carbide precipitating during
eutectoid reaction with that surviving in austenite will be of a primary importance in spheroidization of

eutectoid carbides by slow cooling annealing.
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Table 1. Chemical composition of steels (wt%).

| Steel < Si Mn P S Cr Mo v

0.82C 0.80 0.23 0.45 0.0M1 0.01 0.06 -_ —_

24Cr 0.79 | 0.18 | 0.42 { 0.016 | 0.011 2.05 —_— —_

54Cr 0.80 | 0.24 0.48 0.016 | 0.012 5.12 — —

050 | o.80 | 0.15 | 0.40 | 0.014 { oo | — | o.a9 | —

12Mo 0.79 | 0.14 ] 0.38 | 0.06 | 0.010 | — 0.96 |- —

2%Mo 0.79 0.27 0.39 0.014 0.013 -— 2.07 —_—
o.ssv | o.80 [ 0.18| 0.43 | 0.014 { 0.008 | — — | o.52

12y 0.78 0.17 0.42 0.013 0.008 —_ —_ 1.06

Table 2. Extraction solution for carbides.

Carbide Method Solution

FesC Electrolytically | 30% citric acid, 15% sodium citrate

(Fev),C extracted 12% potassium bromide

(FeMo),C] Electrolytically | 5% HC) in methanol
(FeCr);C] extracted

Mo,C Chemically 60% H,So,
Cr,C,y extracted
Electrolytically
Ve 7% HC1, 3% FeCl;, ethylene glycol

extracted

ERIR(LETILED & LT 29Cr $0C1E 1 000°C x 1hr—700
~450°C x 15hr, 5%Cr §{-¢ix 1000°Cx lhr—700°C x
15hr, Mo i, V gz 1000°C X lhr—600°C X 15hr
DEIRLAR LT/ D/ F/- Mo, V SiCIRRIEEZLIED
{EH i 1000°C X thr jhiig 600°Cx 15hr #54 & Lo
ML T D7

BRIMEERRTH ORI & S L, BEAFEL
fo- itio iRt @I X o Table 2
WRTBE vz R BERRRILY & LI EmSE
o 2 RELLTFOH 0P E L.

3. X B B R

31 RILMOBRILICEKIFS Cr, Mo, V OUR
Photo. 113 Table 1 iz773 0.8%C §iic 1000°C x
Ibr—700°C X 15hr OiE/REERLIEZ TR DD D,
760 3518 800°C T 2hr hpEh L, fEWT 20°C /hr ¢
AL OERKA LB Z [T o/ E EDHBFE TH 5.
F—2 74 MLIBEE 760°C OB is 7 b ok
RRILMRD SN B H 800°C i b & X OBITIER

(% 1000)
Photo. 1. Microstructures obtained by cooling 0.8
%C steel at 20°C/hr after heating at
a) 760°C and b) 800°C for 2hr.
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Fig. 1. Degree of spheroidization as a function of austenitizing temperature in steels
containing various amounts of Cr cooled at 20°C/hr after austenitizing.
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Photo. 2. Microstructures obtained by cooling Mo steels at 20°C/hr after heating at a),
b), ¢) 760°C and d), €), f) 800°C for 2hr. a) and d) : 0.5% Mo steel, b)
and e) : 19 Mo steel and c¢) and f) : 295 Mo steel.
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Mo iz 1000°Cx 1hr—600°C X 15hr (D {E{RZERERT
MIBR Ty, 760 35 X U8 800°C iz 2hr fnZAL7cb
20°C /hr THHE LTRILMEIRIL Lics EDRILM
#&k% Photo. 2 AT, 760°CTH—2F7 54 MLL
FBE, &M L) OEDOHRIKRILIAED Hh,

Photo. 1 @ 0.8%C 0HA LI LT HRERED LN
7tvs. 800°CTH —2FF+4 MET 5L, RiHE HERIK
BRALMBGIRA U, Bk (BioiERes LS rbne
Ligwad, BEOETHRICA X5 O%LIEERK LT
&) DEFPEIML TS0, BRRE(LDE MoEsE %

(x 1000)

Photo. 3. Microstructures obtained by quenching Mo steels after heating at a), b), c¢) 760°C
and d), e), f) 800°C for 2hr. a) and d) : 0.5% Mo steel, b) and e) : 195 Mo
steel and ¢) and f) : 29 Mo steel.
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VR 2T 3 Mo $8 & [k 1000°C X 1hr—600°
C x 15hr D{EIELEEFTLERT, 760 & X T° 800°C i 2
he iU, 20°C /hr T3 L CRILIORRIR{LEZ
FFicvs, FOHE % F§~<4-. Photo. 4 i Fh%#RT.
760°C 7> 5% H L TERIRIL L723& 0.5%V §3 Tl 0.8
%C 80 & KE VWA, 1%V EICIIHETERES PRI
0, R R R PR ORI IT 7 5 .800°C A HIRAK(LT
% &, 760°C OGEITHE L TERIRD 5 WITBRIREILD
IR L, BIRRILAZL HAohb X dicisd. Ei
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A, 1% VERTEEIRRILMn i <, s b O
RECWDBEETS. 20X SR VORMMERDvE
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(x 1000)

Photo. 4. Microstructures obtained by cooling V steels at 20°C/hr after heating at a), b)

760°C and c), d) 800°C for 2hr.
% V steel,

a) and c¢) : 0.5% V steel and b) and d) : 1
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Photo. 5. Microstructure obtained by quenching
19, V steel after heating at 760°C for
2hr.

WHNIL DS, RIMENS L85 LT ORPHED LI
X 5iins. L LA, Mo fHoBE & RIERIE,
SEER U 7o S ERIBE P T IE 100% BRA LGS ShoT,
RO KILIC B XIET 1% 2TOV OFRMOEhE
B wEiELZLNS., Photo S 34 —2F 4 MUK
AT SRk a 760°C iz 2hr hnEh L7z 1%V i

DWTRLImbDTH 5D, ik OBRFER{ILI D

BND. T BRI E LTEEARED & LT o2kBEe
T, RILMOFHKILICEXIETVORRIZ, HIEERE
DFE LFIERCTH o7
32 R{tHOER

Table 3 iC ZHERM DO RTILEER, ERIR(LD /DDA —
27+ 4 MUl 5T ERIR(LZ D RIbDZ XERic X >
THRIEREEFE L DTRT. 2%Cr iTIET~ToIk
BBk, HETIRILEE 224 PO MG
TH b, 5%Cr ficit M;C; TH 5.

Mo $FiC 2V TIRTEIRAE CII &80 & S ATAEEDH
Bl o GETH RICHOBEIIREL D2, -7 F
A4 MEIKEEZL & CHTERIR (L ALEERAE T IR AT A D VW i A
whrhrb bR OEEII—E LS. ik, 0.5%
Mo D #+ — 27+ 4 MEEED BEF RICWERIZ BT
XA IR AT AECdh 273, Photo. 3ItR LA X ST
EFDORILMDBENRDLNS. CORILMEIRTH
< Mo,C ¢t HEh5®. Photo. 2 IR LAX ST, B
bR D Mo i I BRIk D b & # R O b Hs
FETH, 0.5 3XWK 2%Mo fiizHWwTThEET
B X VEE Licszh, W Fh b BikE b
Mo,C Tdp bV, #HIKBILWIZ MuCs THD Z L23E5

Table 3. X-ray analysis of carbides in various steels examined.

Steel | Preheat t’reatment As Preheat treated |Austenitized Spheroidized
1 3
290k ﬁgggsg:?;r—ﬂ» 700°Cx15hr) MsC Mzc*l M3C*3
E?gggsgg?lr*'600°Cx15hr) MsC Msc” MsC
5%Cr %?gggsgz?lr-7oo°Cx15hr) M;Cs M,Cy" MyCy
0.5%Mo ﬁggggg?;r+ 600°Cx15hr) M3C+M3Cs t’.r‘ace*2 M“cs“
oD T eoq  s00°Cx15hr) M3C Mo, C trace™ MysCe ™
1Mo (3000°Cxahe~ 600°Cx15hr) Mz3Cs —_ MaaCe™
??ggggezﬁﬁggafd600°6x1Shr) M;C+Mo,C Mo, MysCo
210 {%833322?;r+ 600°Cx15hr) My 3Cq+Mo,C Mo,C™ MysCo
%?ggggézﬁﬁggafd6oo°Cxl5hr) MC+Mo,C Mo,C™ MysCe
0.5%V {?888222?;r+ 600°Cx15hr) M, C+VC Mgc+vc"2 M3c+vc*°
??SBBEEE?ﬁﬁgEfdsooch15hr) M, L4V ve*' Mycrve”
12V (1000° ¢ xThr 600°Cx15he) MC+VC v myceve”
?$83856:?E$856d600°Cx1Shr) M,CHIC v myceve™

*1 gnooCx2hr, *2 760°Cx2hr, *3 800°Cx2hr+ 738°Cx2hr(Isothermal)

*% Cooled at 20°C/hr after 800°Cx2hr

— 105 —



106 % & 0

W62 & (1976) 1=

hi-. UL7p->TTable 3 Clizkik{baBikiETo Mo
D RILIE MCo DHITIH DTV S5 Mo,C 3 H7F
T 5.

VB U CATRERE TRt & v Tho
A TH M,C & VC Rib#THY, A—27F4
MEBRI VI IR ZREATAAEL L7s 0.5%V #8751 MeC
DEFENBED LB, LOMIVvFhi VCDATH
%. 1HIRERBRTME R 77 o7 0.5%V DA M,C
PROLNDHONE, FILEE LTEARESL E LEfTKD
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CHBEBETH IO LEE LN, BRIK(LREEHD KL
PR, SO E b vThg MC & VC
RILMTHSB. E5iC 1% V zHWTRILFES
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Kodboi VC Thb, #HmRORILMT MC TH5
T EBEMmbR.
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Pl EOFESREER S CrifTid, mRibumickir s

F—A7F A MERRCERTFT 5 RILWI3 2% Cr T3

M,C, 5%Cr §8TI1E M,Cy LEBEITRL 25 EM S
HEMETHRET 5 LKL E D Th 3 L0 % TR
WAk LT 100% ERIRER(Liiia 4k L, Cr ZHiE
MT35EERKIE LT v 2 aimbhni. Mo ik k
CVETIE Mo,V gt & bIcERk Bt v
R BIRANT B B A%, AREFIC - 7c 20°C/hr DI HLERE
OFEWCiE Cr §DGE L Bis>T 100% KL Uizl
BB D L3 TEY, i hOROEBIKOKRILIMAEE
B otz HEEREO XBEH L 5 T BEFRETOf
£, Mo FTII Vi dh REHRIKR{EMIE Mo,C, #1K
RALIE MpaCe, VEITIIMMMRIRRIEE VC, %
WEApim: MC Thd o eimbhic. A—2 754

MERHICERAE LT BRI Mo $8TIE Mo,C, V
fATix VC T, Kb QAMIRET A5 h3 MG,
MpCy WA —A 74 MLITX DS RERIBT 5.

Cr 3 CIEF—27 F4 MEBRZBRET 5 R{L &,
Fhr TR X7 & XTI T 3 B Lo EiE»s R
ULTHBz LD, CrfADKIbLEEZEEC LT W3
ZEEFEVEGEEDE EEDbNS

F—AFF4 MOEWERBIELT, BELEKRKD
RILME 7 = 54 FYHRE LABREEOREEZ RS »
EOWTIHERER BHE BT IET bR Twin vy, il
RILWOE I LTAS WBEEEEIOHT (Ealie

EENEDEELL) 2HEFAL, FHCE b
ST AR NY —2, FHELHEET HRFOIREEESE 2 H
A LRICEEB T CR/NT LIS LERENSETT 568
PR E R T 28R ThB L ELB L L WTE
5. CrfloBAcidd —2 57+ 4 MMUBCERE LTV
B ELdn & LML RER T T SR (biprsF CEsE (M
BRIIETRLD) THEHBRD, HHBERELTE
{DZANF % PTETHHEROBRIIBERILD
EHHEOPLE LTRRATA Stk v LETRL, @&
WELV NS WIS ST ERRER I I I T B R T
NCBRFRILMOLE ZACHIBTHZ Ltk b, @
FOUEEEERED £ B DFFNTA D, 100% FRIR(CAERR
LBV L L s Mo i V I CI3EREBER
DTW5. Mo Vit Mo 2V ORINEZ X
THIELR VORI A —2F 4 bhEFELTY
573, BERO X S BRAFRILY & T LR AT T 5
RIEMEI T DOBESRIEDTWS. Mo flickiT 54
— A7 F 4 MEBEOBRERILIT Mo,C TH 52, B
IRZEREREIC b Mo,C 2MTH 45 2 &1 Kuo B X
DTHREXNTED, VLW TLEERLWERLT
VC pMERZERERICIT T 2. L Lahd, 2hb
DRILI~ DL DB IR TTEDOEEIRIE & b TA 7 <
Mo,C TIWEFH T Cr=0.3, V=0.3, Fe=~0~0.2,
VC Tid® Fe+Cr+Mo<0.15 TdH5. LizdoT
Mo,C 75U VC 1k & AL Fe 3EB I hT,
HMZREICE LT O MC Z b tic MC (M 13E#
WL L LCHHIIFHET 523 Mo X0V 0oF
BARELTWS. < UTHWZERERIE Mo,C 7o 5
i VC By —AFF4 MRZBIEL e 5D R %
DEZAHE LIzE LThLTrThHh, AREDOCIE
Mo,C XU VC DA oRbnE LTt TR s
MW EiLle D, LihioT, MG, MyuCe B4 —2
7 F A MRTEAFE L Rb RS iR L,
BIREHHE Licbo tEREENS.

DX 5 KR LI 2G5 o dichy, HITERE
BT 2 RILE, F—AFF+4 FRIZERFT DK
{LWOBER—HLTVWLEZLALETHE EEbNS
73, HMERERITEELEOCHARIED E UTITHT
L, FA—AT 54 MRICEFT BRI ERE
WX DB Eh 5 CE2RINT 558, Hiczx Sk
FIBRNTOXDORALD C OEMBIRAE HH g s 7«
5. O L FwT 55E, BITERREHEL T #E
EEREVE FEPIERCEETH 505, BLiRD Mo,C, VC

WAL T Mo,V B ARE LT Bz dfieriic

P Eh 5 CoeEE Mo,C, VC L LTRINT S Z &
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BARTRETH A, Moy V B2 S LictmlL, CEL
$InES Lo ThiE; MoC, VC L LT 75 C
PRI 5 Z LB SENTIXT e e s EE 2 bh
5. RibWAERTEELCRICLE LTARWEE, it
ZREITIE LCHIL S B Ca Rk e LCTRIRT 5720
vt Fe R ~0 BE@EHSKE SME L7 5. Fey
Mo,Cs TRENDW MG %2, Cr » 60% FT Fe
TEBHET S Z PR MGy Tl RkED Fe oEE
DBEFETH D, Mo,C £ VG LELSTIhLOR(L
WEEATDILEOLEOTRMTEL D, KEDC#REIL
MmELTRIRTE%. 3% Cr iCR{LERRPIICIE C
BIAMLT Cr@808FBLTVw52, HTEREE LT
Fe #EIE LT M,Cy Z4ERT 5 Z EHARER D, *
— A7 54 MIEE L MGG 2 ohl & Lok
WZERERFIC Fe 2 & 7> T MG 2B L, BRikd i
5. 713, Cr#finsthosiic e Uikt &S THo
7o 1 2, 5%Cr ffickiF s M;C; 13 1050°C
fHEETA—2FF4 b LHETEB ZERTED, 29
Cr $8TI349 950°C £ T MC 34 — 25+ 4 brhie®
ELTHHELESLRDY, F—2FF4 MU GBE
MAIETD LW HOTHHEE LDV T &8 DT LN
5.

ATERY CTHRERRER L8 5 oo, BFRL
WORRRICIS Ui E ERRGHEE) Xhik
FTVRETHHT 2 L EMNLBETHD LT LR,
LR OEREML, LR LTHET 3R ER
HMORIEMEA — 2T 74 bRCBFEIEL LB
ETHY, LodBCERSEEELT ORELEE TH
T HLERDS. AERITEK VT Mo, VEOBIL
WE 100% FRIKIET D 2 L8 CERPDOE, IRk
(LREDBINEE L TEY TH DO E VD T & THREL,
CEitlt LT Mo, VEBFRLTWAZ AL DHFEHE
ThdEELLND. L2 THRERICH LAz Moi,
Vo mk{ibE 100% BRRCT B /dItiE, MG &
Dk MC ZFRRILTHUEXRDH Y, TODICIEL
NOEDOMEP I TIES B L ETHE TS MuCs 5
Wit MyC ofigs A — A7+ 4 MhiEFESHE, Lr
SECEY S H EETHHNT 2LEN B LB R
5.

5. &

0.8%C #5473 % Cr §, Mo §i, V #xHWT,
BSEZ X 5 RILOEIN LD 5ic 3 X 1ET Cr, Mo,
VOERLZFAR, T EFOEEL M T TILOEHR
5.

|

1) 0.8%C$Ric Cr % 2, 5% it 5 & Cr B
hnd &b RIEMEERIK L L3 <7 %. Mogf (0.5,
1, 29%Mo), VEH (0.5, 1%V) txwTd Mo &,V
BEOWMINE & DI RILIERIRIE L3 {7 %5 Cr 8
EEBRE TIe <, 100% ERARRALDAREZS S 2 L3
T &k Dre.

2) MBS XIREEfIC X 5 & 2% Cr TR —
AT F A4 hOETFRIET, WRLLBEHOFRILE b
i MG TH Y, 5%Cr fThxvwFng MGy ThH5.
Mo fiCirvwihdA —2F F4 M TOBRTRILDIZ
Mo,C TH b, IRIK{LWIEHEIT Mo,C & MauCs T
5. FLVETIERFRILMIT VO, Kb iRfgc
W VC & MaC ThD. LRBEFREHIC LS BRI
LRI 5 5 hv 5 W MIRCRRIEIE Mo $BTIX
Mo.C, V Tt VG, #ikd 5\ ixigikbmiz Mo
MTIE MpuCs, V ST MuC THB.

3)  ERIRR bR ORI A — 2 F > 4 bicik
F3s WHOFLLD) RILOEE - T ZEREI
LOTHHT 2RI OBIEDRARIS A S fFE 2 58 L
THH, 100% FHKCHEAE S - x@H OmRIb
DEFES—HITOLERDDEEZLNS.

KO hRES, KMEORTICHA ) BYRHIgE L
OB RELEREBNTEHEMNS BERE, &
FHE— 3R 7 5 T EBRICER I W 72 72 W 7o @ ph 7 R
FIT e PSR FT  FR 2E A K s & ORI i s B IR
HMOoEEERLET.
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