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Fig. 1 Schematic diagram of the ductile iron sample
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Table 1 Sample sizes of the ductile iron with different
thicknesses

R E/mm w/mm o/mm x/mm y/mm z/mm

12 12 38.4 45 120 120
18 18 57.6 65 180 180
24 24 76.8 80 240 240
30 30 96 100 300 240
36 36 115.2 120 360 240
42 42 134.4 140 420 240

A FEQTA50-10Ek %k SBItt i S i IR B EE TR A (L

D WNFR2F7R, HRSETERR: CE=w(C)+1/3
[w(Sl)+w(P) 1, BERESEMN2.92%F=%14.59%,
SM3.52%E(KE)T2.60%; BESEH2.92%
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4.14% ., HFe-CIEEIATH], HFERMET, JRI=EL

F2 QT450-105 S EEBk B HHAI N FR S
Table 2 Chemical compositions of the QT450-10
and high silicon ductile iron Wg /%

i C Si Mn P S Mg RE CE
A 352 292 0.183 0.029 0.0058 0.064 0.0160 45
B 260 459 0.265 0.024 0.0046 0.057 0.0145 4.14
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Fig. 2 Graphite morphologies of the QT450-10 with 2.92% silicon under different wall thicknesses
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Fig. 3 Graphite morphologies of high silicon nodular cast iron with 4.59% silicon under different wall thicknesses
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(a) 12mm (b)18mm . (c)24mm
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Fig. 4 Microstructures of the QT450-10 with 2.92% silicon under different wall thicknesses
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Fig. 5 Microstructures of the high silicon ductile iron with 4.59% silicon under different wall thicknesses

EESERENZL, NEFHTFREENER . EEE ERTFETERNKRAUERKE 7 REREI R
7912 mmEJS, QT450-10i# P FER D ERIZRIGIK, ERBLHISND

XERTHESEZEIN, HRAEEEEHBHINT TR E)EEE N HES £2.92%HIQT450-10i HEFIAE S
B fE; SRR TEEEE12 mmRbEBEERIAR, B4.59% BN EN SRS EMEAR T T



2023 $E3M/ET2E

R3 HEE2.92%H0T450- 1054 24.50% S FEEkE5E
HAEEETHAERIR
Table 3 Graphite morphologies of the QT450-10 and high
silicon ductile iron under different wall thicknesses

JREE  AAsER AAsEREGE R/ AEEEk fasRREdE/

Hr 2

mm  EA&/um (4 -mm?) mm  EAum (4 -mm?)

A(12) 293 268 B(12) 20.4 457
A(18) 301 258 B (18) 21.9 330
A(24) 349 159 B(24) 26.1 257
A(30) 379 149 B (30) 27.8 198
A(36) 401 146 B (36) 28.5 189
A(42) 455 110 B (42) 29.2 183

Fit, FERALEHSE, RIEGB/T6394—2002E B
i’ﬂ%%ﬁfﬁiﬂiﬁ)’&, MISERWFAFR; ATLAE,
FEEEE12 mmit, FES84.59% S IEEREE IR
EEMRTI?_’\]#SSLQM 5um, {EE¥[E42 mmit, SEBkEE
BEAFHRERRTL9/954.866 4 um; [EESIIRE
AOIBHN, SERKITXEGRERNR TR/, F58
R o

®4 FEEBEETQT40-10R HHEKGKINHSGREIER
AR~
Table 4 Ferrite contents and grain sizes of the QT450-10
and high silicon ductile iron samples under different wall
thicknesses

JERE/mm BRRARRLR S um JEEE/mm BRI S /um

A(12) 35.216 6 B(12) 31.9475
A(18) 36.277 6 B (18) 35.216 6
A(24) 43.766 2 B (24) 35.381 1
A(30) 43.020 2 B (30) 42,7772
A(36) 56.504 2 B (36) 48.468 3
A(42) 58.694 3 B (42) 54.866 4
2.2 RIEEXNSEIKEH XD FEERIFID

TRAEETHEESE2.92%09QT450-10F1E 3 =
4.59% IS EEERENA A D Z 4 e N 45 RANFK 5P
o AILAEY, FEESE2.92%/9QT450-10i X FE1EEEE
12 mmitinfIsgE N464 MPa, 7EB2/242 mm4it
79431 MPa; & 54.59%H S kBT R RS
[F12 mm& iR E 683 MPa, fEE([E42 mm
2079666 MPa; “EMITHFLREIMESEEREIE
DOMIENN, SADERENTE B AISINEER /N . QT450-10
IR RS AIRE NMEEEAYKREIRAIHB 3.2,
SHRBESEAFDNSHNEE M EEENEIREX
JIHB 6.8, REHYSENEERI REERNFINRN, 2
HFXEPHEANIENRS .. BELSANERERE

%%m " %%% FDUNDI’\’H’

x5 AREETREEE292%MQTA450-105k kTR E
4 59%HI R REBKEK J1F 8
Table 5 Mechanical properties of the QT450-10 ductile iron
with 2.92% silicon and high silicon ductile iron with 4.59%
silicon under different wall thicknesses

JEEEEImm PR /MPa i 58 BEIMPa S s L A %/% il iEHB

A(12) 464 360 0.78 245 1299
A(18) 449 333 0.74 18 131.2
A(24) 441 325 0.74 17 128

A(30) 434 327 0.75 23 127.2
A(36) 428 318 0.74 22 126.3
A(42) 431 321 0.75 23 123.9
B (12) 683 619 0.91 19 181.2
B(18) 673 581 0.86 17 188

B(24) 681 588 0.86 175 1861
B (30) 676 585 0.87 16 180.9
B (36) 672 585 0.87 13 182.9
B (42) 666 575 0.86 15 184.7

A0, QT450-10i A1 S IR BB AR ST
KAOHEE,

FRIEBREN A EEEE T EES £2.92%A9QT450-
10iHE R FE A E4.59% = BEER S Sk RO (Rl i 1772
SANIER, WE6. E7FR.

S F LS E2.92%H9QT450-10EkBEH 4t e, @
BEETHNMOFZZMAIEIIER, BF TR
MEEREEREREI, BRARHEEMN, EHE
20, ERIENRESX, BEEMIERST, &1
BEERE, RIBHEE,; WFESE459%15

(d) 42mm

(c) 36mm

[El6  QT450-10i{ A EIEE[E M/ {R kT I FZER
Fig. 6 Tensile fracture morphologies of the QT450-10 samples under
different wall thicknesses
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Fig. 7 Tensile fracture morphologies of the high silicon nodular cast
iron samples under different wall thicknesses
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XA EEEE FIESE2.92%QT450-10F 1 E & &
4.59%SIEEREF AR EAERFEE; QT450-10
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BE[242 mmitFEIYENHY 173.03; SiEEkBEETEE
MHEECIEEEREE12 mmibFEIgEIHV 259.85, BEE
42 mmIbEISEHY 226.3, BEESINERRIGI, %
EAREARIEEIZF TGN .

AR EEEE T IE S 24.59% NS it Bk B B =
RBAMBRLESHESEHTNE, EESRUE
WESFT; MI1FIM3BEE24 mmAY, SiEEKEREAR
RRFRARE S, S22 4R EIRRAAIE S,
MSHR7AEEE36 mmAT, SEEKEKIARARFRLLAIEN
M, REFR8ERMAREN AVELS .

B8 & mHISiTREEBELT A ITEBEI R EEE
[ETEiEEkEH ARSI TTRIRITIESBEF IR TER

£R6 AEEETESE2.92%QT450-10F 05 & E4.59% 5
K EHHN R RAERE
Table 6 Microhardness of the high-silicon ductile iron with
2.92% silicon QT450-10 and 4.59% silicon under different
wall thicknesses

JEREE MM YERAEE HY JELE Imm HEFCREE HV
A(12) 198.66 B(12) 259.85
A(18) 191.09 B(18) 253.5
A(24) 186.16 B(24) 253.17
A(30) 183.53 B (30) 246.06
A(36) 174.08 B (36) 238.83
A(42) 173.03 B (42) 226.3

(a) 24 mm
E8 AEERETEEE
Fig. 8 Microstructures of the high silicon ductile Iron with 4.59% silicon under different wall thicknesses

(b) 36 mm
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RERELNRNE, ETERTRERRS, TR
RARERRENTE, SRR TERTESRE, EFia
B SR FRALBE AT, MEARIKERECIRRE R
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5%, IREBEHERRIRE. BEZRHIES. BRANEEE
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Table 7 Segregation index of Si element and percentage

content of each element Wg /%

L Fe C Si Ks;

il 69.87 25.00 513 112
2 74.54 21.66 3.80 0.83
3 73.42 21.56 5.02 1.09
i 74.95 20.86 4.18 0.91
55 73.83 21.30 4.87 1.06
16 78.27 17.42 431 0.94
M7 72.45 22.81 474 1.03
18 75.50 20.12 4.38 0.95
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2 24.59%R S FEEKERAIX ST L1175 EI1E {5 Fjade 65R{4F
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M, =P IENSREEHNAEEI S5 (110) |
(200) . (211) , @—HEHEENFREEETFLE

2007y
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Fig. 9 X-ray patterns of the QT450-10 ductile iron with 2.92% silicon
under different wall thicknesses
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Fig. 10 X-ray patterns of the high silicon ductile iron with 4.59%
silicon under different wall thicknesses
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£2.92%A9QT450- 10K EIXF KRR RIS EEN
0.286 59 nm, HUEE 942 mmAT, KRS EARRIE
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Ak SR AN BRI B 90.286 64 nm, MIEHIFEFF
BRNFHHRTFFHEZE, KTFHREXENRAEE, o]
ElA FHREERFE R ERE S RMABER M ER
EAA, FHILQT450-10 M SERBEHINSUEARTR
REXIY/NTF0.286 64 nm; M5 SEIEREREN,
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Table 8 Ferrite lattice constant of the ductile iron at different cooling rates

JEERE/mm a (110) a (210) a (211) a (AVG) JEEE Imm a (110) a (210) a (211) a (AVG)
A(24) 0.286 28 0.286 90 0.286 59 0.286 59 B(24) 0.286 06 0.286 00 0.286 00 0.286 02
A(30) 0.286 79 0.286 44 0.286 58 0.286 60 B (30) 0.286 17 0.286 18 0.286 08 0.286 14
A(36) 0.286 46 0.286 72 0.286 54 0.286 57 B(36) 0.286 12 0.286 30 0.286 84 0.286 42
A(42) 0.286 94 0.286 28 0.286 63 0.286 61 B (42) 0.286 58 0.286 76 0.286 44 0.286 59

QT450- 101 SR EHF XAV KKK RIB B EHIIE
BN, RREBTRVIEEEANE0, BINT ZEESD
MMESRE. BEENES .

4 e

(1) EEE459% NS EREBHRINIEEEES
12 mmék, BERASERTIYEEL 457 Nmm?,
TR 7920.4 pm, HEARBRHFHURIAON
31.9 pm, 7EBE[E42 mmit, BUERAZSKFIIHE
2959183 Nmm’, SFYRTFL5929.2 um, SREREHF
YR~ 29954.9 um,

(2) EEEEH459%HNSHERBEH%REE
[E12 mm&binfiszE 683 MPa, 7 EKHEE IHB
181.2, {HEZFNII%,; EEE[E42 mmibRTiniisaE

SEXE:

5666 MPa, 7HECIEE AHB 184.7, {REZK15%;
MEEQEREEN, MALREEMGN, BERDR
N, BEXRZRRAS. TEENL2 mmik, E5HF
MBS

(3) HEABHESHKEHERINIEBE SR
EIENN, BUERPASKHSEM, RREER
TEHRN; ARSEIRE N ERARIIH%
=K, BESIEREEN, ShRERBWR T/, 5
TTENERNMERCIERIEE,; HEAEMRIRIE
BEETR), TR EREATREEPAL
ElAEM, BMELIRENIEN, EITERTHER
RFRCHRIFTIS B RMAE, Sk EARNBITRE
EiEK., RAitt, SEREBHHRAEEEE XL
Ko
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Effect of Cooling Rate on Microstructure and Properties of High-Silicon
Ductile Iron

WANG Zhuo', LIU Yue', ZHOU Zhan-hu?, GUAN Zhen—xing®, ZHANG Ya-jing'
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, Liaoning, China; 2. Liaoning
Ever Metal Forming Tech Co., Ltd., Gaizhou 115200, Liaoning, China)

Abstract:

High silicon ductile iron samples with different wall thickness gradients were prepared by EPC process
to study the effects of different cooling rates on their microstructure and properties. The microstructure of
the specimens was observed by optical microscopy and scanning electron microscopy, and the mechanical
properties were measured by universal tensile testing machine and digital Brinell hardness tester. The results
showed that with the increase of the cooling rate, the matrix microstructure of the high silicon ductile iron was
full ferrite, the size of spheroidal graphite and ferrite grains were gradually reduced, and the grain size was
refined; the segregation of silicon element at ferrite grain boundaries was more and more obvious, the lattice
constant of ferrite matrix was gradually reduced, and the degree of ferrite lattice distortion was increased.
The average size of the spheroidal graphite was about 20.4 pum, the average size of the ferrite grain was about
31.9 pm, the tensile strength was 683 MPa, and the elongation was 19% at the wall thickness of 12 mm of
the high silicon ductile iron sample with 4.59% silicon; At the wall thickness of 42 mm, the average size of
the spheroidal graphite was about 29.2 um, the average size of the ferrite grain was about 54.9 pm, the tensile
strength was 666 MPa, and the elongation was 15%. With the increase of the cooling rate, the strength and
hardness of the high silicon ductile iron increased gradually, and the mechanical properties were improved.

Key words:
high silicon ductile iron; cooling rate; microstructure; mechanical properties
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