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K,=4.4 (%Ti) +2.0 ( %As ) +2.3 ( %Sn ) +5.0
(%Sb ) +290 ( %Pb ) +370 ( %Bi) +1.6 (%Al) (1)
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P=3.0 (%Mn ) -2.65 ( %Si-2.0) +7.75 ( %Cu )
+90 (%Sn ) +357 (%Pb ) +333 ( %Bi) +20.1 ( %As )
+9.60 (%Cr) +71.7 (%Sb) (2)
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Fig. 1 Flake graphite caused by high titanium content

E2 BREFHHLREIDRAOLZAFRD

Fig. 2 Inclusions and carbides at eutectic cell boundary regions

0.0125mm i '
; ; ;
.

o 2

:
N, @ ;
Ui S

E3 REBHFHRHLZEDFRATZY

Fig. 3 Inclusions at eutectic cell boundary
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Table 1 Lowering of trace element levels over time

by White of Elkem wg /%
AED
IR 1967 1998 2007-2009
ek Flenid] eritret Y
Sb 0.000 2 ~0.009 0 0.008 0.003 1
As 0.0010~0.0380 0.016 0 0.005 3
Pb 0.005 0 0.0043 =11 0.008 0 0.001'1

2 Sorelmetal EWMHKEFHR T TERRESE
Table 2 Maximum level of trace elements that can adversely
affect ductile iron properties, graphite formation and

matrix structure, by Sorelmetal wy/%
JLR R i
Al 0.03
As 0.01
B 0.002
Bi 0.002
Cd 0.002
Pb 0.002
Sb 0.003
Se 0.002
Te 0.002
Zr 0.01

%3 FElement Materials Technology Wixom‘2 7 Gundlach
EYHNFHRTENRSSE
Table 3 Tolerances for trace elements suggested by
Gundlach of Element Materials Technology Wixom wg/%

JLE S
Pb 0.02
Sb 0.002
Sn 0.002
Bi 0.002
Te 0.02
Al 0.04
Ti 0.05
Zr 0.01
Se 0.01
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Table 4 Suggested targets and typical control ranges for
production of ADI wy/%
JLE i
Sn 0.02 +0.003 {XAET I IA
Sb 0.002 + 0.000 3 {LTEFE R INA
P 0.04
S 0.02
O 0.0050
Cr 0.1
Ti 0.040
\% 0.10
Al 0.050
As 0.020
Bi 0.002
B 0.002
Cd 0.005
Pb 0.002
Se 0.030
Te 0.020

R5 FOSECOEWHIKEBHUMEATETERSSE

Table 5 Maximum content of minor elements in

ductile iron by FOSECO wy/%
JLR o i
Al 0.01
As 0.01
B 0.002
Cr 0.05
Mo 0.01
Sb 0.004
Bi 0.001
Pb 0.000 4
N 0.005
P 0.04
S 0.02
Sn 0.01
Ti 0.02
\Y% 0.03
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Fig. 4 Linear regression fit between average impact resistance at
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Fig. 5 Linear regression fit between average impact resistance

at—40 “C and sum pearlite elements
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Fig. 6 Effect of cerium addition on the amount of chunky graphite
F6 —UE(RHE (+) PERG (-) BRXGETENEYE
Table 6 Mn-equivalent for several elements favoring ( +)
or preventing (-) pearlite

As Bi Cr Cu Mo Ni Pb Sb Si Sn Ti V

6.7 111 32 26 119 24 -09
48 2.0 24
1.0 -0.9 52 12
22 148 29
40 05 L5 10
1.7 13.3
1.7 0.9 -0.6

R BUALEHIFETINHETZNSE

Table 7 Content of main and trace elements in

ZH1<0.05% (£8) , BEMWEKF R MIBTEY high purity pig iron W%
F1<0.025% (£9) . XLHEEEUNFLRS RERKE o cosL CosL C1oL cLaL
SBHFTR TR c >3.80
Si <0.70 0.70 ~ 0.90 0.90 ~ 1.10 1.10 ~ 1.30
51 SEE. MMEREPEIERkRAIREE % B <0.010 -
ZELIKR, BMNERIMERAS—BEEER Tk 0.010~0.020
FTEURAIRES J9QT400-18AL (-40 C ) KIS FRREKE 2 > 0.020 #l <0.030
FHERMD . BRI R RSN . BT i B <005
EHIRBORROA Y, RFBIRE (5.5% ~6.5% ) FER 1% > 0.05 M=0.10
+ (0.5%~0.8% ) BRAFIBTERILALIE, DINEIN p =<0.020
1.1%, SEMINIBAEF S EAOREBMA, i 1% > 0.02#1<0.03
FHBIFI0% . E7TRRT 2R MHEIR PR AIK g B <0015
BHHARAARINEAER, 14 > 0.015/=0.020
*8 BUALYMETINEESSE
Table 8 Maximum content of trace elements in high purity pig iron wg/%
Cr A\ Mo Sn Sb Bi Te As B Al
0.015 0.015 0.008 0.003 0.000 8 0.000 5 0.000 5 0.001 8 0.001 0.01




20204 56H3/5569%

KAE, TEPIERNAE, X—RaJ B EFEM
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AILAFR1SQT400-18AL (-40 °C ) HESHIMERE, BILLhE
SHMEFNREXMET20 C,
HENTESHIEBREFTTTTREHE5E M,
RE—HEFERPEY . BARZREII0FIRER
oM, RIMEBEHRR60% ~ 70% 2 BT LI |#
19, NEUHRENNELANERZ—, FRFER
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BB KRL3 mm , HRELLS0~90 mm, MHHBHE
KEmEREKEHL, FRFERIRIKAEFWTETR
. 7AM, 4r-fiE, BHRaEA ] BIlEERE
R, TEREFBEEXR., REHFURMTFOPREERR
N, 5k, BCRIRET60% Sk, SREHRIKASE
TRk, BETEFER. ERLLR T 2KINFI60%
SHEREFNAERS . KA0Y%SEESKEF~RIMT
FREBRTEIUAAE,

R BREAEHFTETRMMBETRNARM S

Table 9 Typical content of main and trace elements in

g , . - NI ultra-high purity pig iron wg /%
HYY, tem N\ TIRBS % ES S ERNESHERT £ purtty pis L
SEZW), AN T IR T RIS c si Mn P s Ti

35~38 <0.50 <0.02 <0.008 <0.01 <0.005
5.2 NS4SR E AR RS S P A v Cr As Mo Sn Sb
ﬂ&%E’% <0.005 <0.01 <0.0008 <0.002 <0.0002 <0.0001
RSBV ERAT A — R EE AT E Pb Bi Te B Al Cu

<0.0001 =0.0001 =0.00005 =0.0001 =0.001 =0.008

REERSHAIT A, E=2AL9110 kg, <E1 500 mm;

g RGeS NN AR A ':’y»_.:' »*
(a) ARES (b) Fefke g

E7 SRINFEEOESRE. SRR PR SREHFRAEII A SMERAR.
Fig. 7 Typical graphite morphology ( L ) and matrix structure (R ) of axle box for high-speed train bogie
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Fig. 8 Graphite morphology in blade castings made from a fully scrap steel charge and 60% high purity pig iron
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NTHBREFBEREEREFS®R G TR, —L
BURBBSHEEHHTTARR . 1R TEXE
100%BEEE K ANER ( RIMAKRII—LE%EE )
IBERER, REREBIERESE (6%, 0.5%
§h) BRICRLIR, ANNER. #akss . SMBERSRIRA
@800 mm x 1 000 mmAYIER; WRIZERFHIZD
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13 h, fFdBEE, REIIER, Bty FEFOL
IR E ARSI PO ASEEREZ20 ~ 40
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£, SRR, RAEMRMHIOEKBIEBERRE, X
BRER IS RIFT TR, TMERSB R
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AR OXig AWM ASEEIRASE . XTULKLE
IEBAR BB AL Keel 2 ERBE R mEk=EE
BBk AE, FEMEENS .. ERXLERSE
RNFERERZz —RRH®RNE2EEES. BT
QXRABBEEEGKAEMR, KXN90.092 16, X7
BT 1.0; B, SEKRNAEH TR
RETETEANRMAZITRZ N < 0.025%; Bk
SRS E FP BIFEE<0.05, BHRIGRTEZFNA
0.053 3, HFXRBTESAEH, RETESENE
R, INEMCRIERAMIBIIZ B AR, =E2ERT
R aE . HRHABRNRFRAE. KPR
K, REA, WTFBSEEHRMNHEBAMEIkE
HHRPIERAREEH—Z RS

SEVE:

FEPMARIBIF R R S A S LA TRER
= oK EH A E KB EBREF AT 2 N AR —D
# . EZMLFRMFAEEIARASMBa Ltk
PP I REM T B ERIIRE BTG, FFREFEEX
W RS E R ISRIFRIBRIR A S RAIERE .

6 ZERIE

(1) EFERIS0FERE), BREHHFAMETIU
TTENHRSEERFEKEME, RHRAEENDEE
HMkilS . A, WFHR EERZSHAOEREFH,
MABEMAH L TERFPMEBETENZ LA
IEeEKEHURE.

(2) RASANESEEHERESAERLR
FEEBERNRE. BOHETILM TR ET DK
HHINIANE, ARSERCERMEIEZRY), Faeia
EAE = mRAIEREFH X

(3) RESMHBS A Ekae2 0 LLE KRTE Bk
EHESRHP AN AE.

(4) BMTR. METMARURRERRAZE
STERSE F BRI NIE, FRENEKX.
i 2 R EANHER P E R EKSEHF RIS D = 2t
—SHIRANIAR

st AEE TS B M AL SEAURA TR E], TR
F HEAnL R R R SEIABITA LR 64 B P P3R4k
HAR g, Y LA LEA A SRR E
FFRAeAE, REA LA 2 WmFE. KR EE.
O AR EARA % B Fhedhid Roy AN EEE AR
SCBY BT 45 09 35 B R s i Bedt o
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Selection of Raw Materials and Control of Trace Elements in the
Production of High-Quality Ductile Iron

BAI Jia—xin
(Longfengshan Casting Industry Co., Ltd., Wuan 056300, Hebei, China)

Abstract:

During the production of ductile iron, the selection of raw materials and control of chemical composition are
very important. In the early period of ductile iron production, many people studied the effect of trace elements
on graphite morphology and matrix structure. Due to the adverse effect of trace harmful elements on graphite,
the maximum allowable content was decreased year by year in the past 50 years. This paper has reviewed
some of the suggested ductile iron trace elements in the literature and in several Chinese foundries. It is found
that for most ductile iron castings, rare earth elements are still required to neutralize the harmful effects of
trace elements and improve ductile iron quality. It is also found that the use of high purity and ultra-high purity
base iron melts enabled integrated, safety-critical and complicated ductile iron castings of varying thickness,
and heavy-section, to be produced successfully. These ductile iron castings have surprisingly good structures,
and their mechanical and dynamic properties are vastly superior to those specified in current international
ductile iron standards. Further study is required on the effects of using high purity and ultra-high purity base
melts on the structure and properties of ductile iron.

Key words:
trace elements; anti-nodulizing factors; pearlite factors; chunky graphite; high purity pig iron; ultra-high purity
pig iron; high quality ductile iron
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