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Abstract: QT600-10 ductile iron is mainly used in core components such as differentials and camshafts. However, with the
rapid development of lightweight products, higher requirements have been put forward for the yield ratio of QT600-10. Cu
contributes to improving the yield ratio of QT600-10. Nevertheless, under factory production conditions, the upper limit of
Cu content is empirically restricted to 0.2%(mass fraction), which severely restricts the tailoring effect of Cu on the yield
ratio of as-cast QT600-10. In this paper, the rationality of this empirical parameter was studied by preparing as-cast
QT600-10 ductile iron samples with different Cu contents under stable factory production conditions, and analysing the
corresponding microstructure, elemental distribution, hardness and tensile properties via various characterization and testing
methods. The results show that the empirical limit of 0.2% (mass fraction) Cu is not always rational, for no significantly
effect on the microstructures of the as-cast QT600-10 and no harmful phase transitions are found with increasing the Cu
content to 0.456%(mass fraction). Meanwhile, the 0.456%(mass fraction) Cu content increases the yield ratio and hardness
of the as-cast QT600-10 while maintaining a high total elongation. The findings of this research will provide an
experimental basis for optimizing the composition of as-cast QT600-10 ductile iron and controlling the quality of the on-site
casting process.
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Tab.1 The designed chemical compositions of QT600-10 with different Cu contents
(mass fraction/%)
C Si Mn P Cr Cu Sn Mg
<0.1
3.1~3.15 4.25+0.05 <0.15 <0.05 <0.015 <0.08 0.20~0.25 <0.006 0.035~0.050
0.45~0.50
%= 2 AE Cu &2 QT600-10 K 3K ML = B 43
Tab.2 The actual chemical compositions of QT600-10 with different Cu contents
(mass fraction/%)
C Si Mn P S Cr Cu Sn Mg

VESD! 3.22 4.30 0.110 0.015 0.007 0 0.016 0.016 0.002 0.055
VEY 3.16 4.27 0.112 0.015 0.006 3 0.017 0.233 0.003 0.050
FE3 3.12 4.20 0.109 0.014 0.006 1 0.016 0.456 0.002 0.044

Bl 1 #2 QT600-10 M4 AH41E . (a) 7 5 1-JE T, (b) & 1-JEF G, (c) Jr % 2-JF hir, (d) 7% 2-IE 5, (e) 7% 3-E
H () 77 % 3-f ihs
Fig.1 Microstructures of as-cast QT600-10: (a) sample 1-before corrosion, (b) sample 1-after corrosion, (c) sample 2-before corrosion,
(d) sample 2-after corrosion, (¢) sample 3-before corrosion, (f) sample 3-after corrosion

B3 7 B8R BROGAR & i ARARAG , X ) 2F R
T 52 Wil A PR

% QT600-10 B /&5 4% 5 i FiL F I 1345 (SEM)
AL TR AN 2 BRI 2a~c 1]
H1,QT600-10 #5104 47 BB Bk (O BR Ak BE A by, AR L AA
H A AR B R R XA, HL Cu f i B R X A R
TEAs R B s A 52 TRl Cu 5 3 i
HAFEEM DA FM, & 2d~f 7T LR
F), A7 BEBR B A [0 [ A7 58 R 5 A U S
T /0 WL R PRUST, 26 I 58 A BROR AR R D A e, 4 1L
P 1) PR HETULER R BR A AS B 11 £ SRR, 3 o 52 4%
F A 5 3K AT DL 4 A A 24 S04 il (crack arrester)

AH, DT 3 5 2R B B4 A0S AR I B 1 45 4 PR, A
5 B PN S [0 [ A bR 5 A 1 s R TR T /] 3 T
HOUF R ] 2e H A o 4R HEAR H A0 A1 SR ER

1 & 2d~f i EDS Ze A5 - v A, gk R Ak
FARE Fe 71 C, ABERE C #% Fe, i —& m Y Sil# %
FRRE AR ILAR DI, T8 A T 5 A, HE Al 4% i 4% 5 0T
00 DA /D 1 L o A TR AR TR A SRR X
XEITR W EARIEI T 0, 740, XK 2d~f
R A AT T EDS S, HEERNE 3 iR,
&l 2g~i () EDS T 44 vt [l A B 2d~F Fir s 19 X3
AILLEI Cu e E w4 TRRRE R, A A &
BRp oA s U B Cu 0k 3 AR S AR ok



(& AY11/2023 B, % .Cu B QT600-10 B 148 4150 772 1 B8 9 25 M +1039-

2 QT600-10 A% AL FITE 730 - (a~e) HEE 1.2.3 IWRHL, (d~) H% 1.2.3 19 EDS LA 45 R RS R AL
B, (g~) 7% 1.2.3 F EDS 445 #
Fig.2 Microstructures and elemental distributions of QT600-10 under high magnification: (a~c) microstructures of samples 1, 2, 3,
(d~f) EDS line scanning results and the illustrating positions of the EDS point scanning of samples 1, 2, 3, (g~1) EDS mapping results
of samples 1, 2, 3
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Tab.3 EDS point scanning results of QT600-10
(mass fraction/%)

bl [VALS Si Mn P S Cr Cu Sn Mg
1 0.01 0 0 0 0.01 0.04 0 0
AR
2 0.01 0 0.02 0.02 0.02 0.05 0 0.01
VESD!
3 3.26 0.17 0 0.03 0.14 0.20 0 0
Bk
4 3.45 0.19 0 0 0 0.40 0.10 0
1 0.05 0 0.03 0 0.01 0.07 0 0.02
i
2 0.06 0.03 0 0 0.02 0.04 0 0
T2
) 3 3.64 0.22 0.16 0 0.02 0.35 0 0.01
Bk
4 3.44 0.10 0.04 0.15 0 0.52 0.22 0.06
X 1 0.02 0.06 0 0 0 0.02 0 0.01
A1 5
. 2 0.10 0.01 0 0 0 0.09 0.13 0.01
E ]
) 3 4.21 0.16 0.11 0.11 0 0.82 0.14 0.08
Bk
4 4.08 0.27 0.06 0 0 1.05 0.03 0.05
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Fig.3 Annual-ring-like concentric circle morphology inside the
graphite balls of as-cast QT600-10

22 hEiEse

QT600-10 ER 85 ¥ Bk 1 5 B2 it 56k LU A R A
2R Cu & & B2 H AN 18] 4 B, BB
N 4 o, Horp & 4 v Ay 5 R T BRI 38 O 3
4 R L B B SP P R, 3R 4 P~ R RN
FEdh g, ELIR— 77 2 Y 3 MRS A2 R A B A2
B, TR B ER2ZEJE N, T IACH Cu & IR S
B RS B P 5 B R AL i O R Al
FRAE 0.5 %LU, 1A [] #5524 22 18] 35 2 K00 (R A4

SIEA MR (AR moR b 0815 1 %0.825, 481k
RAE 1%LA b BTN Cu & B9 59 n JE 58 175
BT, R LB, BARREE Cu FaEBg i,
RA TR MBI Cu &k 0.456%0T , HfK %
WARIK BN 16.29% , PRHFTE TR m /Ko 73 4b &
Cu &8 3, QT600-10 ffE BE S 2] T W $25,
H T Cu R A b DL 4 1N I B U 7E
HFFE48 By VIR %35 5 Fe AR, BT LAFE Fe (1)
ml s R s B AR A Y s 1 0 3, BELAR A Gl s Bl 4R
fe 1A T R R e YA P 3 #% BT 7 (1Y) Peierls-Nabarro
73, DT £ TH R FEUS) 33 2 0 g U2 ke B A 4 Bk
BHRIEN G SR T B s AL T 6 R
H RS BB TR MRE ¢ MR, THA(Q2)
ik .

H=H+kC )
P Hy o8 TG 1 I R BE R sk R M O R REER
FAE R 1A KNG RN RE S . ARBEST
H 3525 QT600-10 3Kk &5 ¥ 2k i i 2 Bl Cu & 52 315 fin
R HEBIR G XL CRZY S,

650 0.830
(a) (b)
610} 0.825|
<
& X
2 570} i = 0.820]
i —— YT 98 =
=4
530/ 0.815|
./_.—.
490 : : 0.810L— : ‘
VES ES) ES VES! ED ES
(0.016% Cu)  (0.233%Cu)  (0.436% Cu) (0.016%Cu)  (0.233%Cu)  (0.456% Cu)
232
(c) (d)
»|
— 224}
m
S 20t z
B i
o = 216
= 18] 2
< 208
16
: __ : 200L—— - -
ES VES 7 %3 ES VES ES

(0.016% Cu)  (0.233%Cu)  (0.456% Cu) (0.016% Cu)  (0.233%Cu)  (0.456% Cu)

€l 4 QT600-10 Jy =7 e Bl A [ 75 58 (H 5 &) B9 A8 A0 3 (a) S IR B2 BT A7 B, (b) 5 1L, () A 3 (d) Ao TR 2
Fig.4 The correlation between Cu content and the mechanical properties of QT600-10: (a) yield strength and tensile strength, (b) yield

ratio, (c) elongation, (d) Brinell hardness

& 4 QT600-10 Hif J1 %4 B
Tab.4 Tensile properties of QT600-10

. E EY YE K]
oRUESES
1# 2# 3# Ty 44 S# o# Ty T# 8# o 1y
HUhL iR A /MPa 624 622 624 623 628 627 623 626 627 625 626 626
Jif ISR BE /MPa 516 516 493 508 521 522 512 518 519 515 518 517
M /% 22.86 20.00 20.00 20.95 19.96 18.14 20.80 19.63 19.67 12.00 17.20 16.29
A (HB) 204.0 209.0 207.0 206.7 217.0 215.0 220.0 2173 226.0 227.0 228.0 227.0
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