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Abstract: A foundry research project has been recently initiated at RTIT in order to better understand
the fabrication of as-cast heavy section DI parts meeting high impact energy requirements at low
temperatures. The experimental castings have the following dimensions 180 mmx180 mmx190 mm.
The achieved as-cast Charpy impact strengths were as follows: 17J (R.T.),16J (-20 C) and11J
(=40 °C ). The foundry process, the chemical composition and the microstructure of this experimental
casting are compared to the ones of various examples in order to show the detrimental effects of
residual elements, microshrinkage and microcarbide on the impact properties. Finally, quality index
empirical models (based on casting chemical compositions) are used to analyse the impact tests
results. This paper illustrates that an adequate nodule count can contribute to reduce the detrimental
effects of the residual elements and microsegregation.
Key words: heavy section ductile iron casting; as-cast microstructure; low temperature impact
strength; quality index; ferritic ductile iron
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Table 1 Composition and microstructure at the center of cubic casting

- TR A% Inter-cellular 1 HEBREL z R R, A
e CE - Hfth

c Si Mn P S Mg 1% /(A~mm?) /% /MPa /MPa /%

1 454 360 283 031 0023 0014 0054 1 PRERIR 110 4 440 324 24

k2 455 367 263 033 0020 0.002 0.040 2 Nil 75 7 422 280 21

W 1 BEERIEALEE, FSA Cafl Al SIS B D 22 F , IIASIHR0.9%., 2. PR IRISEI30 min, Z2H )5 7E B8 rh A/NBURLIR0.14% Cu .,

0.115% Cr. 0.21% Ni##10.001% Ce,

F2 THEPABHSDICKZR S FIRMELER
Table 2 Chemical composition and microstructure characteristics of chunk free graphite HSDIC

e Bt 53 E51% cE A BEREL AR5
7 c si P S Cu Mg Ce La Sb /(4> -mm2) N
1 3.82 241 0.035 - 0.03 0.055 0.0028 0.002 4 0.008 4.49 100 H
2 3.13 2.08 0.030 0.002 0.02 0.042 0.002 6 0.002 1 0.008 3.71 75 J
3 DIN 1563-2003-02#x/ f it SRt i M B B SR B 45
Table 3 Summary of requirements for cast-on sample as per standard DIN 1563-2003-02
RS AARLFFEREIE /mm e/ bl PR (3RS /Nl (L CBRON fi/ LRI EEIMPa. fie/ )N G EE/MPa. il /%
t<30 12 9 350 220 22
EN-GJS-350-22U-LT
- . 30<t<60 12 9 330 210 18
i R R 4042
i~ 60<t<200 10 7 320 200 15
t<30 12 9 400 240 18
EN-GJS-400-18U-LT
. . . 30<t<60 12 9 390 230 15
PRk 2042 C
60<t<200 10 7 370 220 12
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Table 4 Chemical compositions of D. I. in the work of
Jolley & Gilbert wal%
HSDIC C Si Mn S P Ni Cr
HHL 350 2.00 0.37 0.018 0.028 0.78 0.10
4ify 353 195 <001 0015 0.016 076 <0.01

%5 JolleyFIGilbert T/E P BIBR LI E bL i HE
Table 5 Charpy impact strength of D. I. in the work of
Jolley & Gilbert

N Awld
HSDIC

/mm -20C -40 C
\ 44 14 9
TR

300 4 3

44 15 10

4l

300 11 7
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2.1 TAHSDICE
211 FHSTHTA

B — MR — ) H b, B E
PRS2 EN-GIS-400-18U-LT, X /NHI45iRFE (25 cmx
25 cmx125mm) SRS A LE L, A SUBURE
TOAERFE R LA s o DS S o] UM P 203

Fig. 1 Typical microstructure of impact sample (Nital Etched 4%)
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Fig. 2 Dross and irregular graphite particles, case analysis A
(Nital Etched 4%)
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Table 6 Image Analysis Results, case analysis A

A1 551% BotikI% AR EREU (A~ - mm?) BRAL A%

11 5 >450 90

KT ZBIDIARLZER S

Table 7 Chemical Composition, case analysis A wg/%

C S Si Mg Ce P CuMn Ni Cr V Ti CE

393 0.006 1.95 0.038 0.001 0.014 0.05 0.21 0.071 0.043 0.021 0.014 4.58

#: CE=C+(Si+P)/3,

#*8 EBISTAMELLHEHERE
Table 8 Charpy impact strength, case analysis A

" A1l
ke il -20°C

1 12.2 10.8

2 12.2 115

3 115 115

4 12.2 115
A 12.0 11.3
R 441215/
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Table 9 Chemical composition the casting, case analysis B wg/%

C S Si Mg Ce P Cu
3.62 0.003 2.00 0.034 0.001 0.013 0.024
Mn Ni Cr V Ti Nb CE

0.12 0.026 0.028 0.008 0.008 0.002 4.29
{:: CE=C+(Si+P)/3,

P13 ASHLIN A SRAS0RE, AR BT R FITEAR AT SRR DX 1Y 2 s
(A% R T A 68 k)
Fig. 3 Irregular graphite particles, segregation carbides and

microshrinkage in a low nodule count area (Nital Etched 4%)
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Fig. 4 Segregation Carbides and Microshrinkage in a Low Nodule Count
Area (Nital Etched 4%)
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Fig. 5 Picture of the Experimental Casting
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Table 10 Metallic charge composition of experimental heats

iZEss HS10 HS13 HS14
T AR BK1% 67 67 67
HAL {2k (99.9% Fe )/% 27 0 0
WIE % 0 27 27
FeS/g 0.02 0 0
FesP/g 153 153 153
FeSi75, #4515 /% 1.1 1.1 1.3
F1881% 0.86 0.86 0.86
FeSiMg5/% 19 19 19
FeSi75, #i& gt (01)/1% 0.75 0.75 0.85
Sh(f2H1)/g 15 15 15
ZE I A e (5 MR ) kg 0.08 0.08 0.08

FHBRGEAN TG RSB R BTES 6 2k A 84k b 1 Bk
i, HHEEFES S EFLS P, CefliSbh, HAthotER
K IAIRF WSO 65 538, FeSIMgFIFeSi 754 4 1)
2E T W3212, BG4 oy FAXS DS i
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Table 11 Chemical composition of steel scrap and high

purity pig iron (HPI) wal%

TR il [SEIEE
0.344 3.980
S 0.023 0.012
Si 0.050 0.060
P 0.009 0.004
Al 0.052 <0.001
Mn 0.370 0.008
Cu 0.043 0.023
Cr 0.041 0.028
Mo 0.007 <0.001
\% 0.001 0.017
Nb 0.010 <0.001
Sn 0.005 0.001

K12 HEEFEUFERS

Table 12 Chemical composition of the ferroalloys — wg/%

JLE FeSi75 FeSiMg
Fe 24 46
Si 745 45
Ca 0.1 0.8
Al 0.6 0.9
Mg - 4.8
Ce - 0.44
La - 0.23
Zr 0.03 -

23 BERARMEGZSH

FEI6174 TR] 1l R B b Do R AR, TM200 7 2
R UG, fE6LE (TM1-TC3) HURE, 5T
PEF A EBE A R AT L om A B TR L
DR o FETM20 Bt e i SR B . BRAE R A
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Fig. 6 Casting sketch with the location of the samples for microstructural
examination (TMXand TCX) and forthe impact tests samples (XM and XC)

€717 1 O A 1 4o B 778 3 O
2.4 i

ITARHEVEL S A L piileE, FRASTM A327-91
FREEATIRE, A ER . -20 THI-40 C . ik
FEREURENL B LK 6, K6 r e R ik A (IM,
AM. 7M. 1C. 4CHI7C) H T E A%, KXF2M,
5M. 8M. 2C. 5CHI8CHIF-20 C ik, HAaxiAEH
T-40 Cik5e .
3 RWER
31 {EES

FETM2AL B 53 AT 85 A2 i o L3R 13, SR
M TS AR R R T A I

13 HRBPRHLFRS

Table 13 Chemical composition of experimental heats wg/%

JLE HS10 HS13 HS14
3.360 3.150 3.200
S 0.010 0.007 0.008
Si 2.320 2.100 2.420
Mg 0.051 0.053 0.056
P 0.017 0.023 0.023
Al 0.021 0.018 0.020
Cr 0.024 0.048 0.041
\Y; 0.012 0.013 0.013
Ti 0.007 0.010 0.010
Mn 0.018 0.120 0.130
Ni 0.054 0.070 0.071
Cu 0.020 0.054 0.060
Ce” 0.008 0.007 0.008
Sb” 0.004 <0.004 <0.004
T & CE 413 3.85 4.01
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Fig. 7 Typical microstructure heat
HS10 sample TM2
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Table 14 Image analysis results at location TM2

Fig. 8 Typical microstructure heat

PR AE% BOb%  AEEBICh-mm?) BRIERI%
HS10 105 <1 95 93
HS13 106 8 92 93
HS14 106 4 106 92
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Table 15 Charpy impact strength

Awld
wE

. i HS10 HS13 HS14
e o % b % P %
1 180 180 160 180 150 150
4 160 180 160 160 160  16.0
2 7 160 190 160 180 160  18.0
F¥y 167 183 160 173 157 163
2 150 150 140  15.0 9.0 12.0
0 5 150 160 140 110 120 140
8 180 180 150 180 140 150
¥ 160 163 143 147 117 137
3 11.0 8.0 9.0 9.0 7.0 7.0
0 6 120 12,0 7.0 9.0 9.0 11.0

9 140 140 150 150 110  11.0
¥y 123 11.3 10.3 11.0 9.0 9.7

b 4 AR R T A0 R B B 4 U AR
SO . TERTA RIS, HS100 R /R H e i i
o B, T ELAE-40°C 185 A op i 5 AT 4R &5 T DIN
1563-2003-02F75 11 Hf1 X EN-GJS-350-22U-L T 5, h 5
60 mm<t<200 mm#% {419 oh i PEREZIK . HS1319 b ity

(SRR RS h)
Fig. 9 Typical microstructure heat
HS14 sample TM2
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Fig. 10 Typical microstructure heat
HS13 sample TC3
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Fig. 11 Impact strength vs temperature at position TM2
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Table 16 Chemical composition used in the quality indexes calculation Wal%
R S Mn Ti Cr \Y Cu P Ni Al Mo Co Sn
HS10 0.010 0.018 0.007 0.024 0.012 0.020 0.017 0.054 0.021 0.001 0.025 0.001
HS13 0.007 0.120 0.010 0.048 0.013 0.054 0.023 0.067 0.018 0.003 0.026 0.003
HS14 0.008 0.130 0.010 0.041 0.013 0.060 0.023 0.071 0.020 0.003 0.026 0.004
SR A 0.006 0.210 0.014 0.043 0.021 0.050 0.014 0.071 0.007 0.003 0.030 0.003
A 53 HTB 0.003 0.120 0.008 0.028 0.008 0.024 0.013 0.026 0.013 0.003 0.016 0.002
®17 AEMSRRFH (QI) &
Table 17 Values of the different quality indexes (QIl)
bk b7 SR L TR (3] alifE lowh
DE SRS ATES PR SCHR[L0] SCHR[L] BRRIRI%M SCHK[13] FSUR T R E0M
B /Ny /Ny /M SN fe/ M SEZNI]
HS10 0.529 0.162 0.325 86 0.067 0.730
HS13 1.509 0.462 0.570 69 0.080 1.340
HS14 1.609 0.481 0.561 67 0.085 1.278
FAGIHTA 1.700 0.525 0.724 62 0.080 1.625
SE A HTB 0.995 0.300 0.363 76 0.061 0.953
AT BE AR R HSDICIY J1 24 1Rk 231-244.
[3] Javaid A, Loper C R. Production of heavy-section ductile cast iron
5 éﬁﬁﬁiﬁ [J]. AFS Transactions, 1995, 103: 135-150.

ARSI H S 2 I A 2 A A U HSDIC R 75
o e g R ] O

B 7 IR AIHSDIC, B R R AR ALY .
DL B T B () fh 2 i o L, SCRR[6]4 T4 i
Wike FAN, XTI M ILE Ry, AR S R
N R A A A X B A E SCHR [14] TR A S 1
g,

FHE T 545 A HSDIC ) SE 4], A 45 P A4~ 56 4%
1, 3 A B4 4 1 o 566 B 5 T EN-GJS-350-22U-LT
ZoR (IRIRE-40 C, #5FEEE 60 mm<t<200 mm) .
TR UL T X SEERER A RRAE, BAEHE T2,

55 A Tl SE B BA R H 4 i A B R A Y
R AL SR AE X A IR B RE A b, e R R
o B TIE M Mb2A R 2 0k, A& Wi 4R A
BAG P R R S R, MR B A U T
R R

PRI, XA SR ERE AT AL, PR 2R
S | B A R SR L P R AT 0 K A AR AT
SR, AR T AT SR EREUIL T-60 1 /mm2AS /2 DL ke 6 i fil
BN S BRI . Aad, AT R SRR A
X ks W s D b BR A S TS, 3 — e R A
B, PRI AR R, SXAME AT et A A]

SEHk:
[1] DIS. Factors affecting optimum properties in heavy section ductile iron
[R]. DISResearch Project, September, 1977.

Gagné M, Argo D. Heavy section ductile iron castings Part 1 :

[2]
structure and properties [J]. Advanced Casting Technology, 1986:

(4]

[5]
[6]

[7]

8l

[

[10]

[11]

[12]

[13]

[14]

Lacaze J, Armendariz S, Larraiiaga P, et al. Effect of carbon
equivalent on graphite formation in heavy-section ductile iron parts
[J]. Materials Science Forum, 2009, MSF 636-637: 523-530.
DIN EN 1563. Spheroidal graphite cast irons [S]. Germany, 2003.
Rio Tinto Iron & Titanium Inc. The sorelmetal book of ductile iron
[M]. Montreal, QC, Canada: Rio Tinto Iron & Titanium Inc, 2004:
43.

Palmer K B. Properties of nodular (SG)
section [J]. BCIRA Journal, 1981, 29 (4): 231-241.

Jolley G, Gilbert G N J. Segregation in nodular iron and its influence

iron castings of large

on mechanical properties [J]. British Foundryman, 1967, 60 (3) :
79-82.

Riposan 1. Influencing factors on as cast heat treated 400-18 DI grade
characteristics [C)// 8th International Symposium on Source &
Processes Cast Iron. Beijing, 2006.

Labrecque C, Gagné M, Cabanne P M, et al. Comparative study of
fatigue endurance limit for 4 and 6 mm thin wall ductile iron castings
[J]. Transactions of the American Foundry Society, 116: 629-640.
Decrop M, Schissler J M, Vigneron B, et al. Etude de la resistance
au choc de la fonte & graphite sphéroidal [J]. Fonderie, 1978, 381:
241-246.

Motz, M Juergen. Begleitelemente im Gusseison-einige wirkungen
auf gefuege und eigenschaften (Tramp elements in cast iron-some
effects on microstructure and mechanical properties)
1988, 75 (18): 534-540.

Thielemann T. Effect of trace elements in nodular graphite cast iron
[J]. Giessereitechnik A, 1970, 16 (1): 16-24.

Gagné M, Cabanne P M. Dross in DI:
explanation [R]. Chenai India: WFC, 2008.

(%, W3R, gxl@foundryworld.com)
GEH (&) 2011 458 15D

[J]. Geisserei,

source, formation &




