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1.1 HESHRE

Friid IS AFIENFTR, hERIEEEER
FERREAENMT, EREE, E8QT400-18, Ek
HEBHHAGRE =400 MPa, HIKE=18.0%, K24
HHIME-40 CRET, o =12.0 Jem?,

PABRESH T4 ( QT400-18 ) AEMIFEM B S,
FrAtia R eBEEME . 287 BREF . KK
%, BRHIIEL. 20 3. 4, EAEISRES, A
Bt ER28NERNT.. 2EFIRKEHHREF
R RBEERMRZ—, RULIESREFINAZSH
MMUALLBR SRR, BaLIRSRAR, @i asE
Bk, FAEREENS.

R1 EHRMRERRILFER S
Tab. 1 The chemical compositions of pig iron and
cold-pressed plate W /%

A C Si Ti Mn P S

QT124E%k 441 1.08 0.042 0.08 0.033 0.017
A s 0.08 0.05 0.020 0.06 0.025 0.020
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1.2 SEERENEEHETZ

DAL ZERBERERS. BHRERENEE
RF, £EFT2RENR: Ui (BH) kg (S
W) SR (B ) % (%iF) « REUMmERIK
BEAEERION o JBKRL tBhR, IAAEKEFIL2.5 kg, 22E
F5 kg, $REAI3.2 kg 1BIRFIL kg, EEEIIIEFTIC
BT AT RMRMER: Ti+C=TiC. RIS ETE
790.03%~0.3% ([REHNE, TE) , AidsidHIAT,
HREEN0.3%T, HRBELH,; HKESEH0.12%
B, IR RIKRE; HTiRINE790.125%~0.25%HT,
BESEENMN, BUERTRE, ASEKEEBIRRELD,
MRRE T, MEETRE. B, EEHIT TN
mitie (%5) , TiBRIIZE551790.03%. 0.04%.
0.05%. 0.06%7#10.09%, EHr, TiZE/90.03%I%
HERIT TR . EREAT, HTiZE0.03%
AT, REFINASNKRMME, FEit, ERERIMA
E90.03%HFFTEHEITON, AT ELER, X
FLAQT400-180.03TiCFE R~ . EHLAMERQL2AE kLY
70%. [ERFREIET10%. RIREREI20%, AT ERIKS
BT ESERER ST, 1BHEMF/91.25%.
2EF0.5%, BNRAHEETIZSH, BEEHE
BE. RENEUEHRNRE, FETICSAEFHK
HE=.

R=5 GHPIRBHLERS

Tab. 5 The chemical compositions of 6 heat castings
Wg /%

LR c Si Mn Ti S P Mg

®/2 HRUFUERS
Tab. 2 The chemical composition of nodularizer
Wy /%

RE Si Ca Mg Ba

2.4 425 2.3 7.4 15

1 3.61 248 0.093 0.027 0.005 0.027 0.040
2 355 2,60 0.100 0.030 0.008 0.027 0.035
3 357 267 0215 0.040 0.014 0.057 0.048
4 358 242 0191 0.048 0.004 0.028 0.032
5 3.62 240 0.207 0.062 0.012 0.043 0.055
6 3.63 257 0.226 0.088 0.016 0.060 0.047

®3 ZFFLFERS
Tab. 3 The chemical composition of inoculator
Wy /%

Si Ca Al Ba

69.88 1.36 1.30 4.68

R4 SKEUERBS
Tab. 4 The chemical composition of TiFe ~ wg/%

Ti Si P Mn Cu Cu S

34 448 0.049 198 0.09 0.09  0.013

REWEEER A, M IZ88E, RIERE
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FEREEERIL4GL, REEEL (b) B,

1.3 B LRFIHZF RN
BrE@RYIEIRLI0 mm x 10 mm x 10 mmAYERIK, 2
WEF., %2 iE, B4 BRIEEREE A RE IR
M, [BihpTEiEElE10~15s, RASHEEMELUNED
FEOE AV R R TR AB LR TR D 517
HF N BFERERFPE NI, ZRIBGB/T
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Fig. 1 Schemetamic diagram of the size, shape and sampling locations of oxygenator shell casting
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Fig. 2 Metallographic structure and graphite sphere distribution of ductile iron prepared by adding 0.03% Ti
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Wg /%
X35 c Ti Fe Si Mg Mn
1 (TiC) 440 8255 5640 262 002 010
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Fig. 3 Composition analysis of TiC and ferrite in QT400-18, 43ric



20255 F1HA/E74E

I TiCWRL, FHRT22um

R 4315
& 88

—
=
T

=
T

05 1.0 20 25 3.0 35 40
TiCHEE R /um

%ﬂ)@ - %%% FDUNDR"T'

El4  QT400-18, 4o cAITTR D B EI LR TICEHRIR I 57
Fig. 4 Element distributions of QT400-18, :1ic and size distribution of TiC particles

CETICHMEEARHE, XEMRTEIEFEREE
SRR TICHEREAMED, XUAERER(T, B
UEEEERZTICEEARNRRE, XAGEARFTFTIC
B EE®E . Eit, TICHERPREEATIREF
SW\EFRLEIAL : 1, TIChEFERERENHESN (5
1£50% ) 4,

2.2 NFeenth

221 FI{RM4EBEDHT
El579QT400-18, garic IMAFRIRL ST M X A4, K679

5QT400- 18K RVRLHR I BEHUERILLEE R . QT400-

184 0T FEAIFURLSRE #9425.58 MPa, [ERSEE /9264

MPa, SMEKZE922.47% . 18LEQT400-18, D HIiRS

T5.3%. 5.2%%122.8% ., Xi%BEIANN0.03%Titgs 1 EK

15 20 25

10
[ 75/%

[El5 QT400-18,ericlil FEAIRT JJ- R ZE LK
Fig. 5 Stress-strain curve of QT400-18, g;ric Sample
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Tab. 6 Tensile properties of QT400-18, 47ic and QT400-18

FHEL BURiREMPa R IRGREE/MPa %%
QT400-18,g31ic 425.6 264 22.47
QT400-18 404 251 18.3
K Imive 5.3 5.2 22.8
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Fig. 6 Impact absorbing energy of QT400-18, 4s7c under different
temperatures
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Fig. 7 Fracture morphologies of QT400-18, i tensile samples
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Tab. 7 Microstructure requirement of ductile iron

TiH BRI AN AESEEREY (4 - mm?)

5 90~95 =54 90~200
QT400-1805rc  93.89 8% 187.3
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Effect of Titanium on Microstructure and Low Temperature Properties of
Ductile Iron

JIANG Shao-ning™*®, ZHU Xiao-yu”®, LIN Jiang-hai*®, SUN Zhong-heng’, XIA Yu-hai*®, YANG Shuai*?,
LIU Wen-jun**, WANG Chao-feng”®, WANG Xue-song®

(1. Shantui Construction Machinery Co., Ltd., Jining 272073, Shandong, China; 2. School of Mechanical Engineering, Qilu University of
Technology (Shandong Academy of Sciences), Jinan 250353, Shandong, China; 3. Shandong Institute of Mechanical Design and Research, Jinan
250031, Shandong, China; 4. Zaozhuang Shengda Precision Casting Co., Ltd., Zaozhuang 277400, Shandong, China; 5. Taian Wanchuan Electrical
Equipment Co., Ltd., Taian 271200, Shandong, China)

Abstract:

Ductile iron has the advantages of good machinability and low cost. However, the strength and toughness
of ductile iron could not coexist, which seriously limits its application, especially at low temperature. In this
study, the oxygenerator shell was prepared by resin-binded sand casting process, in which, the TiC particles
were formed by the addition of element Ti. The microstructure, composition and mechanical properties of the
casting materials were analyzed. The results show that when the addition of Ti is 0.03% (mass fraction), fine
TiC particles are formed in the ductile iron and do not affect nodulizing of ductile iron at the same time, and
the nodulizing rate of graphite is 94%, meeting the microstructure requirements. Tensile tests show that the
strength and elongation of the casting material are more than 5% and 22.8%, respectively, higher than that of
QT400-18 ductile iron. In addition, the impact absorbing energy at room temperature is 17 J, which is higher
than that of QT400-18. The impact toughnesses are better at lower temperatures, increasing by 10% and 8% at
-20 °C and -40 °C , respectively. It is indicated that adding 0.03% Ti can improve the mechanical properties of
ductile iron. The strengthening and toughening mechanismes are discussed according to the theory of lattice
mismatch.

Key words:
ductile iron; TiC particles; strengthening and toughening; lattice mismatch
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