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Table 1 Main chemical composition of the
spheroidizing agent Wy /%

Ca Mg Ba La Ce Al Mn MgO Fe Si
264 611 015 079 146 039 035 042 40.36 48.73

RS REHBFRIERUER, —HFEERES. O
MFMTENEE, BERXAFINESEBRE, —FH@|
BRI ROEM FREMIIIRENEE, BN
T EMNMSRERAIR, T2 LIXBSEER
FHRRIE 8 LT,
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FEYRKRER, BHREREME, S50, £
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, RNGRERT, HESESNHEMEEE.

BENMNBESRIEEL 480~1 530 C T, Ut
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BEENIARGRKR, BEINAEZIR, 5 minF28
R=H/N50%, FHIRrIseqaie2 a2k ErIRTE .
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NCaC, RIFEFZAZOBIERT FEM, NIk
RN,
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0.05%~0.1%, *IEE/NNZREFAINNNBEBIEH F/R
B, EEAa=TEE, BINaSkE, B
BERIEASRTRE, WA= ARY ., BRmansy
hiEAIBITTR, BiEtFsB R ASENZEX AE
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RO RERSARNT4% ., REZREFEARRD T
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x2 MEEZEFNHNEERLFRS
Table 2 Main chemical composition of the sodium

sulfite nucleating agent W /%
Si Ca Al Bi S 0}
72.1 0.92 0.94 1.0 0.4 0.9
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El fIEr/MEEL (a0 d) o FEkk (b o) FMEAEELR (c. f) FYALRFR
Fig. 1 The microstructure morphologies of the cylinder liner near the outer surface (a, d) , the middle surface (b, e) and near the inner
surface (c, f)

R3 HHHNEEUFENS

Table 3 Main chemical composition of the castings Wg /%
C Si Mn P S Cr
3.80~4.06 2.45~2.89 0.21~0.23 <0.06 0.014~0.022 0.03~0.05
Mg Pb Bi Al Sh
0.035~0.054 0.004~0.005 0.002~0.003 0.028~0.029 0.003~0.004

®4 EHBREKLERRERLERS

Table 4 Main chemical compositions of the base iron

and spheroidized iron melt Wg /%
i H C Si S
JRER T 3.92 1.93 0.015
BRibs 3.74 2.75 0.011

K,=4.4 (%Ti) +2.0 (%As) +2.3 (%Sn ) +5.0 (%Sb) +
290 (%Pb) +370 (%Bi) +1.6 (%Al) (1)
Thielemannfg H 24K,=1 + 0.062 58, BILIFRISHEIT
85N AVERIR A EMIEREH K, X AFHBEEHEIRAR
BRIERREF . BAEGHEESRERDHALRRL, 5
B ESEEI1.009 8~1.016 4, I HEILIEAR
FERIREERRM
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H—F BREBEEN A INALRXgHToT,
WERZF~, KiG1IEEREmARINFIRNAaE,
Xig2 AR FRAL DEHRAK (Fe,C) , REKH
Fe,CROSRERMLARL T EREIA, BRMRFIB)EEZY0.5 pm,
AR EEELR, BRRAZEBES AL
BEBHIMAIER AR B R . BRRARFNBRRAIEL I
W HEHBESEREIEEBR, RERNRERK,
RENSRE P Ima A SRR RS Stk £ B IR R
ERRIEZE, MTERENEREIETFTRER, KR
FIERAPOAERY B, BEEEBEIEM, T8
RESSRURN . B—BFBERERLER, ERERE
R ERRATEIRAZEAREED, AT BEEER
2, RERCHRMNERIEER, BE ELNSE
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Fig. 2 Irregular microstructure in central area of the casting

LN

P,=3.0 (%Mn) -2.65 (%Si-2.0) +7.75 (%Cu) +

90 (%Sn) +357 (%Ph) +333 (%Bi) +20.1 (%As) +

9.60 (%Cr) +71.7 (%Sh) (2)

P ARFRASZ TTEEH RS CAFIA D B BIRE
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Table 5 Microstructure characteristic and mechanical properties of the castings

TR AL BRI FERNER RE AT E0% i FHB B E/MPa R 1%

JEAMB T 1~2 6 >95 152 420 17
SRV 2 6 >90 138 410 15

I PN B 1T 2 6 >90 147 430 15

Eﬁﬁiﬂ MnFIPHIEE. BEIAERE. XK
FIMAZE. Z2EME. REWEFKFERLAFINE T
PSUH«~%$§EQT4OOE’J|§E CPEEEIN, KEREHU=
R SRR S TEEP<0.03%, Mn<0.2%, Px<2.0[810
£P>2.08F, BMfEP. MnIREEE, PBEFER—
RIER IR, HALDTLUBEITIERT B AYIE KA IE; ﬁl@
&P, P ALUAFESHEMIE, PENNERLT
(P<2) , BMEFEBRSHIEP (0.04%~0.06% ) EFIS
Mn (0.25%~0.35% ) &, QT400{/3BEFR1SAMRATIERE,
XTEARBY 7> 54 it — 15 RIIIE
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Study on Microstructure and Casting Process of Ductile Iron for Engine
Cylinder Liner

MA Yan-dong"?, LI Song-jie?, YANG Lin°, WANG Lu’, GE Mao-zhong®, YANG Kai*, REN Hao-tian*
(1. School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, Guangdong, China; 2.
Jiangsu Hengli Hydraulic Co., Ltd., Changzhou 213100, Jiangsu, China; 3. School of Materials Engineering, Jiangsu University
of Technology, Changzhou 213100, Jiangsu, China; 4. Military Representative Office of the Air Force Armaments Department
in Changzhou, Changzhou 213100, Jiangsu, China)

Abstract:

Aiming at a cylinder liner casting made of QT400-15 with large section size and thick wall thickness, the
uniform microstructure and performance of the casting can be guaranteed by reasonable chemical composition
design and spheroidization and inoculation process treatment. In terms of the composition design, it is ensured
that the anti spheroidization factor K, was around 1. The low rare earth Lamet 6124 spheroidizing agent
was selected, and the treatment process of multiple composite inoculation with the impact spheroidization
method and cabasi inoculant was adopted to ensure that the graphite balls were more rounded and finer.
The spheroidization level reached above level 2, and the graphite size reached about level 6. Both the
spheroidization rate and the graphite size met the performance requirements. The carbides and irregular
graphite that were easy to precipitate in the pearlite area and the final solidification area of large section
castings were controlled within a reasonable range. Finally, multiple samples were taken on large castings for
testing, meeting the requirements of tensile strength >400 MPa and elongation >15%.

Key words: ductile iron; spheroidizing treatment; inoculation treatment; microstructure
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