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Grain Size of High Carbon Cast Steel
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Abstract

Niobium and titanium (up to 0.2%), zirconium (up to 0.8%), and aluminium {up to
0.7%) as a possible cast-grain-refiner, were added respectively to steels cotaining 0.5~
0.8% carbon. The relation between the austenite grain size and the behaviour of the
precipitations in the steels which were reheated from 900°C to above the melting point
of the steel, were investigated by means of an optical microscope, an electron microscope,
and an electron probe microanalyser.

The addition of 0.1% niobium or titanium proved to be effective cast-grain-refiners
and the cast-grain size of the steel was controlled by electron microscopic carbides and
nitrides in molten steel. On the other hand, the optical microscopic precipitations at
grain boundales prevented the grain growth of the reheated steel to below the melting
point of the steel, but the presence of the precipitations resulted in a 20% decrease in
the fracture strenghth of the cast steel.
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PERSEM O P fE R A IS DV ik, AMOREE, RENRERE, BEEREEE, B
ElE, BEBFRNEG S OBE M RES R, —MIEMCLFIMEhTu5D, Fiirvkb
HH L Bl 3 BREERRNEOHEBIZ DWW TEEWLBEN WX 5 TH D,

Pl ko By o SEBERIRING X 28l o R siboBit 2 Bal s UTisE 2T -
fro FEBROBHLOL-DEEN T e L TEET % 05%<C OFKREM (907% C) »H#
MR E L GEY, BT REAERF L T A Cibula? 235 HL T 248, 1) 7 &
EREBOEE, REIALTCNB L, 2) Mofthh CTREBSERTHD, ELRETH
B Ll ERBIEL, Al Nb, Ti, Zr % 0.2% B % TR L 7=,

2. FMRTREGEBRNE

2.1 £ B A &

Table 1 D# A > 25 mm ExEfEHE 1% C ) % 1kg 2R 58 mm O 7 L 3 50F
WAL, SAEF 430 kC, 15 kW 7)) TREAHEME 1 58 L TR D) 02% Al 2
A, 2O BEGIMICERA, #i T2 S EREEEE A2 — I HET 5700 T 1500°C 2 RjFF L
SIC I 524 B L, MR LEIE 5-20 PR BB A L T BEMBREEOHE R 1480°C
F C#9 20°C/min, BB TIEE DFES 1468C° ¥ ¢ 5~7 4, 1440°C ¥ ¢ 2~3°C/min, LI#EY)
BIFG LT, ARVIUFARY, 7or=d €y A B%NDb), 7zwra=v s (75%7Zr) it
VR S mm 7R T BERE Al Tasaimne, Al REo clmL i,

Table 1. Chemical composition of 25 mm square forged bar (%)

c s | Mn P s N Cr Cu

03 | 011 | 024 0.008 0005 Nl 002 0.01

B, & 60mm OB A REI M L, Oberhoffer LR O 2% 1t 7 5 —
AFENC L 5> T 7 n BB S BERMEE @4 — A 771 PRE) OlEXLEmTH
fo o TITIe o foo ALFAPElENE, SR ERW 5 mm FE S RO 2 E5/tH Sl m o
OFHEEE R 2 REA L, C BERE AL HmNILHECOWTHNE T - 1o,

2.2 £ B fE R

M DL R % Table 2 1R, 3B No. A 1R D Al DL A RN L - EEH D &
DTHoT, TiZ A, Nb, Ti, Zr At N FR BT 02 /11 07% £ CHRML VW5, &
WMo C 2HFEEL, 3 No. Til(045%) & 05% LLETH - T 051~082% itz - T
Wb,

S5 0> ¥y FRL P PR P A AR 139 1490°C o> A REE 7 B BR AP By V3R 0 B L, B HIEL S
LB 5 7o, MO BEEITE ISR 3 5 Oberhoffer Al 58, MM E B L # A&
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Table 2. Chemical analyses of lkg ingots (%)

No. Cc Al Nb Ti | Zr
A 078 | 0030 | \
Al 1 078 0742 | ‘
Al 2 | 0.70 0408 | T
Al 3 | 051 0156 | |
Nb 1 0.54 0.050 | 0.217
Nb 2 | 0.71 ‘ 0.030 ‘ 0.166
Nb 3 0.74 0.090 0102 | |
Nb 4 0.74 ‘ 0092 0.067
Nb 5 072 | 0058 | 0039
o - | o | - I | . - o
Ti 1 \ 0.45 ! 0.084 \ 0208
T 8 0.70 1 0.140 } | 0.154
Ti 8 | 0.56 0116 ] 0.119
Ti 4 0.73 ‘ 0132 | ‘ 0.076
Ti 5 0.74 ‘ 0142 | 0032 |
Zr 1 075 | 0200 \ ‘ 0.765
Zr 2 0.82 0.150 [ 1 0.090
Zr 3 0.74 ‘ 0112 | ; | 0.054
Zr 4 0.66 0.140 ! 0.044
Zr 5 0.65 | 0.126 ‘ 0.039

Photo. 1a) Macrostructure of the ingot No. A (Al 0.030%), Etchant: 5% HNO; X2
b) Macrostructure of the ingot No. Nb 1 (Nb 0.2%), Etchant: 5% HNO; X2
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Hh, PRSEESEA  S 7 0, LT oSS SRR B Shvion o o, AL R AL
LR DI L LT B, Z o Lo RN R OB BB 0 i o 1o, Tl Y
75 — BB OBERR, MR L 02 mm O DIRRFEF[ARAB D, Thib
ARBTHEmCRC 7 =34 MEOBEINZBRE TR LAEREIR -5 4 MOz 1D
MR T,

B s il I B 00 W RE LR SR TR o0 IR SR AR < MM O S HEMTTENIT DU THT T o fo Ay, ETRN
DRHEH KO L o (No. A), Al o Lo (Nos. Al 1~4), Nb, Ti, Zr HICiLg/ g0 4 o
(Nos. Nb 5, Ti 5, Zr 5) 12k Z N IR BEE S, Sl b F o & o S gk (1S 4 —
AT FA MEERBERAPIZ L D) L 05 o EET A0, Nb, Th, Zr OWRNE BT & Ak
SRR AR T X 51/, (Photo.
1 (a), (b) i)

TINTCHR R & R & o B Fig.
LI BB R 5 L5 Al i CRgige, Zr it
PRI, Nb & T bk &l i i b 3
Bo 01% IRIMTCHFE T\ T HALIERT S H DR
TR A SR & LT A &, Al L4 fE, Zr 16
fiz, Nb6afs, Til28fEé7-7T, Ti, Nb o
MAME RO K E L MBS,
Nb, Ti &1 0.06% Lh Eovifshnfe o ik &
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Content of additional clement (wi %)

-, (P .2 1 Zr iy, 0.09% % .

72, (Photo. 2(a), (b), {0)) Zr OH 17, % i Fig. 1. Austenite grain size of cast stcel

M FER O X 5 AR AT P L e X ingots vs. content of additional

elements.

0.77% DR EEIR I TR AT H & 2 02% Nb
M o5 B b3 U fz, (Photo. 2(d)) AL o> iDL Rr AL, BP0 ALOs o2 1 s ¢
BOKT, FEMEBANLT £ FS L Tuoviol,

Nb, Ti, Zr #F R FREEFT LT, ZORMEN B TH - TL R H Bl% x
ND I ERE Yoy & e » T A, (Photo. 2(a)) L B AAVRME & 3BT N T
NEL RN 5, (Photo. 2(b), (c), (d)

B logEbaii S s, FaEsiie o fanitizir T, Nb 23 01% fBEDORMTER TH %
Z &, @ Ti, Nb 0 0.2% BL WIS h Wil i 2ok, Zr ik 0.7% o K ERE L3 &
THIELBREIPW TRV &, Al LA R Enfiiish s, L Ti, Nb
0 0.06% LA EVRIMEBIA T IN Y & SRR A 2 284 U, Z AU R Sh RGN i & B SR
D] & AT LT X S UL RN o FE AR R o BIRNT IS 3B BIEME LTS & o TR
TEBRND D
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Photo. 2a). Microstructure of the ingot No. Nb 5 (Nb 0.04%), Etchant: picral x50
b).  Microstructure of the ingot No. Nb 1 (Nb 0.2%), Etchant: picral x50
) Microstructure of the ingot No. Ti 1 (Ti 0.2%), Etchant: picral x50
). Microstructure of the ingot No. Zr 1 (Zr 0.8%), Etchant: picral x50

3. RUEF—IFFA MERNEIFBYOEE, 25

Bl bl R iz R o & - 7o Ti, Nb, B ielFH A b -7 Zr 12 V &2 Al &4,
a b TS e oA R AT 2 EHTHAZ L L CHMbRIcEETH S,
L7 L #E RS R LA T2 4297 % X 9 AR INEEIS D\ TRk d R/ B R oo i
LS THDH, o 2ETHNAL 512, Ti, Nb, Zr O FfICHEIRING X 2 $5Eh5 S b il
(LFE I BRI T o &5, R, KRN OFTHMSEERL T 5 X5 TH D, BED
T RHA S Ti, Nb, ZriZ X - THus b Sl S e il 4 7 I8 % Ok o J 1 3 ¢
BV CEMUIR A — AT o 1 B RGINRLIY & P A o0 B A i N7,

3.1 £ B A &

FE RS RBIE A No. (—1~0) o s b sk, ULasb RN, R hiiir &
%3 7% Nos. Nb 1 (0.2% Nb), Ti1(0.2% Ti), Zr 1 (0.8% Zr) ® £ A5 EE 9 mm, £ X 10
mm OB A VI L, P 11 mm, & X% 100 mm ORFBHA S O H 7+ 42 10 2mmHg B
Fooriver-ci A Lz, SiC T 900~1460°C 1= F 7 1 BRI AR R 2K % L 7o, 1500°C
PAEoo it sy 2 B & fm) U < @& B Ci Mk, BB s KPiciiA L Tl a2t & L7,

Pri# o fE R XMA i X 5 ¢ J8nHEOER &, PG Mk 2 b w4 %
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Bt s, o6 il - 1, /
3.2 BMUEBF—RFF A MERBE I
F = AT A PREE Fig. 2 (25 X 940, S
B T NERER L 930°C ¢ No. 8 Fi ) o fll ¥ G
TH DA, KB RMBRILE Zr $1-930°C,
Ti $i#-1000°C, Nb §#i-1050°C > Ii-¢ Zr fi2 ik b
ROHREL B B, UL 1100~1150°C ol a
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0) o> -G A7 Y, 1150°C A ik i ed Fig. 2. Austenite grain growth of steels
W8T 1850 ~1400°C (3 % THIIE No. 0 %[5 with each 0.8% Zr, 0.2% 1 and

. o -~ 0.2% Nb, respectively.
T b, FidbRE R & 7 2 g (Bak), T
#il ~1400°C, Nb #if ~1460°C, Zr §il ~1460°C 1= 389 2 & PO 7o kb S B %497 % A%, 1490°C
(A TE & A &Rk L e b , Nb, Zr o> X 5 7 B o8 — A 5 A ki B0
Yo B Bt Fex, B4 AU & Hac kA BRI A B B O SR BE D B DD

XRTAECATH LA, 02%Ti A3 Nb, 08% Zr ¥ oo £ 2okl ih A R ik 71
1150°C (0.03% Al ¥ Ti3# 1050°C) & iiiflicFh s = &, Fio o bl BB OB
TREMS I B, ALV & B L CREBFRETh o, AWML L AR TH %,

BRI & 7 ATEGT ORI 2S A4 — AT 94 M A DURT o S dh s L 81 < 7
B, FICR AR & U CIEAT A DR U 2caUk s, Do i sk X oo R

LT b o BRI,
33 MO EESEH

P A 2 EF BB K Z 2 ok L, RN oML, XMA 5B o dh B & us o
HuHRCEFL, &Y, Y, bR o FIGY (TiC & TiIN o Xk 256 N-H,SO,,
220°C X LR o0 JEIEESY o0 50 & B) 2 BRI AT IR R 5 IR R o AL, BT i
UM Eo Ry & a8k, HH GOk 3 Bn G444, (Table 3) AT
g ANE I e e U, e A L Cu- %, (Photo. 3(b), 4(c), 5 (c) BIH) — FRiN

Table 3. Precipitations in Nb steel, 11 steel and Zr steel.

'

Grain boundary Grain
i N ) T . "
Nb steel i NbC: creamy, lamellar, eutectic NbC: lavendar, reu(mgu](u
TiC: blue, lumpy, eutectic ‘ TiC: blue, rcctdngu]dr

Ti steel TiN: pink, rectangular

THCN): blue to pmk, 1eu(mgulcu

) ZrC: creamy, lumpy, eutectic ZrC: Ilght blue, reudnguldr
Zr steel .,
ZrN: golden, rectangular
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P4k Photo. 3 (a), 4 (a), (b), 5(a), (b) I A BN 5 & 9 BRI T, ZrC & ZrN
i EhBihoBE L H 555, Photo.5(a), (b) ® L 5ic—2DfEHACF + Vilaho o E
ARLTWALOL I BEsRS,

b oM A ST EEOR A T S B L 2B, HiTE o> 1100~ 1150°C o 20K A —
AT FA MR E SRS IEFEBEMBIN R & S oMY L o B R o BT, B, R
RO AL TH - o, Lo L 1400°C (Ti §i), 1460°C (Nb i, Zr i) A3 0 L0k 7o ks i 2
Fea b DI EC B U 223lB K8 L TS % &, Polito. 3 (b) & 3 (c), Photo. (4 ¢) & 4(d),
Photo. 5 (c) & 5(d) iwrR&Eh s & 5@, KA DI, HAinfs < HRFISh %, ch
VI B AR A VA & T o TR KA E CoRMICHTHIY & it i dh Lic b o T
BbHo5, FMBGREE A 1500°C LA iz BH X ek & 7 - 7ol Kk 26 L OB
Lt/ a B d 5 &, RIANT DR BIEE S hod, RIAHT HEBOC 8 38 B %
KEX, oM TSRO b0 L LD pieh o, TiobhbRIAN kot 3
TICRE /A L L THAL T %%, REAPT Il o BRI 15 U 2k U 2 BL5 o IR A A
DNVEEIE R e S L s s b o Th B,

DL o iy o 258) & B4 — A7 4 MERRER O MBA O CEL S L, K
SEWAMEI R & S ORISR, KIN OBt PG SR R B R 2 B D 1k, 1100~1150°C 7B K

Photo. 3a). NbC precipitations in a grain of the ingot No. Nb 1
(Nb 0.2%), no etched x1000
b). NbC precipitations at a grain boundary of the ingot
No. Nb 1 (Nb 0.2%), no etched X 1000
¢). NbC precipitations at a grain boundary of the speci-
men, water quenching after reheating at 1460°C, no
etched X 1000
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(a) ) (b) Qﬁ

Photo 4 (a). Ti(CN) precipitations in a grain of the ingot No. Ti 1 (Ti 0.2%),

no etched %1000

(b). TiN precipitations in a grain of the ingot No. Ti 1 (Ti 0.2%),
no etched x1000

(c). TiC precipitations at a grain boundary of the ingot No. Ti 1
(T1 0.2%), no etched x 1000

(d). TiC precipitations at a grain boundary of the specimen, water
quenching after reheating at 1400°C, no etched x 1000

s ol "
P B : it : 3 ) N
3 ¥ & %
o ; : L5 ""‘L‘ &t e ;,”\E‘ 2 o4 " .
ZrN (center of the crystal) and ZrC precipitations in a grain of
the ingot No. Zr 1 (Zr 0.8%), no etched. x1000
(b). ZrN (center and fringe of the crystal) and ZrCprecipitations in
a grain of the ingot No. Zr 1 (Zr 0.8%), no etched. Xx1000
(¢).  ZrC precipitations at a grain boundary of the ingot No. Zr 1
(Zr 0.8%), no etched. x1000
(d). ZrC precipitations at a grain boundary of the specimen, water
quenching after reheating at 1460°C, no etched. x 1000
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AT O EETE T OB E £ COA RIS, KA HIKET 2L E 2 B R BT T,
1100°C LAF o /B R B0 & g 4G Bl Bt 2 h B B R, KN O I E 5T 5 L 13
y)ﬁﬁ:\/\o

4. BFEMEEHZE

B Tk~ & » EFEBMEIIRE S oM HEsEERS RS CE Br 5 X v o
T, B A — AT 4 MERAERIHOBRIE L TEF S h T 3 EFEMEEN A X 2o
R T2 1220 T, ORI EE, RERERRIE 3517 2 2B & Bl s U e b o & i
2.7,

PRI o 2Bk ¢ iV 72 0.2% Nb $l, 0.2% Ti §i], 0.8% Zr T, i Fi2 ki % pkT
Wi b v 7Y A RER L, REHMB V7Y 2EH 20 PV T F L m — 20 B
V70 ik (PeRE 45°) ey, sl Sh 2T RBIAmE REN L L 5 Th - 1o,

Fiit Nb Szl o fli v 7Y 2 Fizik Photo. 6 (a) I3 X A% & 512 100~5000 A 12 3-7-
B RN < DTN ERAFAEL, LHENLZOBOFAEDERA TS, L LFED

Photo 6(a). Extracted precipitations of NbC on a replica from the ingot
No. Nb 1 (Nb 0.2%) 10,000
(b).  Distribution of NbC precipitations in the ingot No. Nb 1
(Nb 0.2%) x 3000
(c). Extracted Precipitations of NbC in the specimen of the
ingot No. Nb 1 (Nb 0.2%), water quenching after reheating
1460°C. % 10,000

(d). Extracted precipitations of NbC in the piece of 0.2% Nh
molten steel. X 10,000
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BT EBFINC & o TS 2 IR AL L T %, (Photo. 6 (b)) % o f o BAJLBII & 0 S
75 % ARR O BT BBEII R & X OWTHWEE &2 VB O v 7Y A EE DRSS LT S
Z B HRIew s, —RUBHE O i v 7Y 0 o I BIE O KSR Bk, R AR
AU ICRE T L KHTI B IR L T %, (Photo. 6 () WMo @ik imIE» b 4% Ui
BORT O AT CAFEL, BRI, S 2 LU L L L TR E s, Bio ik
THEAEA T X 5 TH %, (Photo. 6(d))

DL Eoasfiy Nb Sificiit e 3, Tifi, Zr ofE&d e METh -1,

P B3 2B EHT RS S, 100 &V o TR U CASERIRS M % <, 5847
TERAE L 2, WIRLNFHTH A L xR, UL LR(bdy, 14, Rt
PR NG Z R OB THREY 23S THESTE L T % o CRE Ik » 1z,

T PG EES O E,  Hlo B AR AR B BN 2 B DT H A 20 Bt 65 B R e L
HHOEE~NBRD,

L2 L Nb o e B HZE o 58 Tk NbC Lt & h, NbN (1w b s
27,

Z il Nb $i o g is biAM b e % 53 2 BT BB K & S o Brilidsss NbC TH % 7
NbN TH B HWET e, K% 003% LUFEET 2 WA S 2 BT~ 7o o &l Bk
R IR L, DR o o D RKFEMO LG 0/ 2 50 04% Al A E A Nb AU
L, SiCFTHA Ui, #SHREEE Nb 7o No. (—6.5) 2% 0.2% iFENe> No. (—6.0)
TR A EBD R L, B, BN Nb B R S 5 E feh o 7o, Nb IRk
h 35% L KEEMIMLICEHER 27V — stk LIcHCRo NbFey (XMA OF Bi< & %) 23THH
T 5, T OO T BB S TR T i A RSk e o Fe, ML EDRTES S,
R Nb S oSl s s BB b A 59 5 L O BTG K & X NbC BT TdHh 5 & i
#ahd, Lol Tifile Zr oG b BB RO A LcF 545 L 10 E
Z I\, UGBS L T e b ol ik AL DA e b R B h b
B, NbN & $7e » T TiN, ZrN 1k 1500°C {3 OffE ¢ AIN X b LR L v £ MR hS,
BE - THORLORAL D ALY & S K SR AVLIC TR L 5 %05 TH 5,

5. MELIRBEN

TSGR & S OFT Y & HEFBIBII R E S O & R, ISPk o dr ik 4y
R R A AT B U o\ TR RS R BN & B i A o X I & TRE M o F T
&, RN & A A INE T B, B & SRR A 1T - 1,

51 F & & B
I o 4 SR E DS 4488 82024 mm, NER 2:20.06 mm, 5 X 18220.54 mm o Ry

IR 2 A S o i X JTI 2 BERIL, — S B R 4 4GS0 T 15 ton O AT I &
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B WA & E L 12,

‘ 75
. s . 01 z Example: X 0.75% ¢
4R L ORBA b L ANRKMIg & Do o
BB AR A TR O & 0B - feds, FOMOR [ 7i 7

N
S

BEANOAS Y F32~3kg/mm? IR H - 1o
DT, T OFIGER L - TEBME & Lk,

BRI ERBN &L EMIC S L TR
45° HENTE - THERAE L, MESRET
NTHABEETSH - 1o, ' T N S

REE AR O JRESH BN 045~0.78% 124 Cl)/zlenfz of dd{/ilio%/ element a(fvz ) o
Foo T B DT, EIEEES M EME  Fig 3. Fracture strength in compression vs.
(Fig. 3) e 4 BB I 0 32 S B b 05 30 L 1 content of additional elements,
7, Ti, Nb 04 02% o fILERFEENEFTEC K E L PERELRLICTHAH, £
WIMTCEABEINT 2 &R L ER OB H B8, W 01~02% ORI T
T iU, Ti, Nb, Zr, Al ORI ENDH B L3,
5:2 5l & H B

R B T L bR S BoN A E T 5 X 5 ik, Nos.Nb2, Ti2,
Zr 1 EAMESC D CTHIR A 1778 » 7o, 5 1EREES A O ~F ik xS EERE 19220.02 mm, SE4THE
£ X 28 mm, FATIRERE 52003 mm, B OXE 15 mm, MWEIBEER 12.7 mm, KB4 £E
55~65 mm THEREGFHGL > BV 7o, HIRAE I EBRB A & R 4 45 5% F 95 i)
WOBRHEZ\B > CLAZUM L, —BE2kE Ui, Ti o B A LA BuMU
LoD BFARE W L asy, £ o o B g ook =24 kg/mm?, {H0O0T
*+04%, #hH T x06% LD Ty FTHY, FhfEx Tabled R L7, WE—MHOHHEE
PRTR O  BER T, AW E AR ST L, B~ OS5 Nb, T, Zr
TR U 7o i T R R & ~F BRI OB & TH o fo. BEEENRE XL RN S 77 ke/
mm? CHFMIMEZ 0 80% FEWCERT L, MU, &bk Nb, Ti @2 -8 o Bl &
LH%, Zr SR L v IRMETH B, oL TR EON Ny BT BT,
HRERS RREAN TS - THRIABR 24 U, BWEREOKR T2 b T, £ OKiE, i,

)
S

Fracture strength in compression (hg/mm?)

I
S

<=

Table 4. Comparison of mechanical properties in tension.

Steel No. al;icrlt;tlr}? Elongation Rg?t;crt;;)n i Facet of fracture
(kg/mm?) (%) (%) |
A 7.2 6.3 65 1 Cleavage
Nb 2 56.2 7.3 7.8 | Cleavage and intergranular
Ti 2 57.1 6.7 6.8 ] Cleavage and intergranular
Zr 1 60.9 5.8 4.8 j Cleavage and intergranular

Note: gage length 19 mm, and diameter 5 mm.
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wWhom ESHIfFEIu s, RANEDOEN KL 2T D T LSRR O M
MIcBEOURE, Flxif Nos. Nb 4, Tid A FEFETXE 0N, H 50
PR B EBRIESER L 0 IR T~ R 24 L Cuv 5 0.7% C B Tk
SR RIBA L X 2 EBRERTOMES Voo L HREy, SR B DO TTIFRD I
IAFD T,

6. #& @

05~0.8% C Bz >u CHab s R AL~ By & LT Nb, T4, Zr, Al 2iFmL, o
BIRA ST 5 L BT — AT F A RSB RIS T EE, N0 EE &
Vb A 2R E,  URINEM O BRI % WFIE L 7o,

TOBRUTOENHL Lo,

(1) S mE MM En S 2 T#E L T, Nb ©01% BEOHRIN T TH LI &,

2) BUE A —~ AT I A FEERREICRIET 02% Ti 52 Nb o8y, 2#icAhR
RIS A 1150°C 1n @ A = &,
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