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Abstract: The theoretical basis of ferritic ductile iron castings suitable for low temperature service was
discussed. The production technologies of ferritic ductile iron castings suitable for low temperature service were
introduced, such as chemical compositions, microstructure, mechanical property and work flow. The ferritic
ductile iron castings suitable for low temperature service which tensile strength is more than 400 MPa,
elongation is more than 18%, impact energy at 40 C, -50 'C, —60 ‘C is more than 12 J were produced
successfully, the castings meet the requirements of customers.
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Table 1 The ferritic ductile iron castings suitable for low temperature service for high speed train
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Fig. 2 The effect of graphite nodule number on impact property
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Table 2 The chemical compositions of QT400-18AL wy/%

C Si Mn P S ngj; RE;;
3.6~39 22~24 <0.10 =<0.025 =<0.010 0.03~0.05 <0.01
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Table 3 The mechanical properties of QT400-18AL

BRI EE IR R st
/MPa  /MPa /% 23°C 0°C -20°C -40 C -50 C

—_ \ﬂj

396.5 2500 284 154 16.0 158 144 124
2 394.1 2500 266 154 158 150 144 128

| 3 397.0 2550 243 150 15.6 154 144 13.0
P 3959 2517 264 153 158 154 144 127

s 404.8 2650 269 150 16.0 150 144 128
1

P 2 402.1 2600 269 164 16.0 152 144 13.0
zﬂ 3 402.3 260.0 258 156 156 154 146 132
Ty 403.1 2617 265 157 159 152 145 13.0
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Table 4 The performance statistics of 300 melt for
QT400-18AL truck journal box

YU BE/MPa & 2/% SR eI

400~425.5 20.0~28.4 13.3~17.8
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Table 5 The Si, Mn, P content statistics of 300 melt
for QT400-18AL truck journal box wy/%
it H Si Mn P
BORE 22~24 <0.10 <0.025
e 2.033~2.387 0.040~0.133 0.013~0.026
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Table 6 The chemical compositions of QT400-18A Llocomotive gearbox and traction motor end cover at —50 °C wg/%
i H C Si Mn S Ti Mgy, REj
BORAE 3.6~3.9 2.1~23 <0.10 <0.025 <0.010 <0.025 0.03~0.05 <0.010
i 3.603~3.860 1.996~2.244 0.038~0.070 0.024~0.033 0.004~0.012 0.007~0.012 0.03~0.049 0.007~0.014
- — I EAEFNEE i > N 2 ol 3t
7 (=50 CIQTA0-BALHFREAFIR| AL R 2. 23NN ER LG AR TR R i g0 2
BN FHERE

Table 7 The mechanical properies of QT400-18AL locomotive

gearbox and traction motor end cover at —-50 C
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Table 8 The properies of ferritic ductile iron castings suitable for low temperature service with 2.1%~2.4%Si

jE PaL o el ARl iy s 2/

s R../MPa Ry2/MPa Al% 23°C 0°C -20°C -40 C -50 C -60 °C
1 395.5 2517 26.4 153 153 15.4 14.4 12.7 10.7
2 403.1 261.7 26.5 15.7 15.9 15.2 14.5 13.0 10.1
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Table 9 The chemical compositions of QT400-18AL

FEHUERITI . W10, at -60 °C wy/%
R IR R, (60 'C) QT400-18ALH C si Mn P S Ni  Mgs REg
Ji 2 T LA [ B 3 51400 MPa 48 B & -60 CHF12 ] 379 194 0.046 0019 0007 0556  0.042  0.007
10 (-60 °C)QT400-18ALAY /1A MEAE SRR R K TH
Table 10 The mechanical properies and impact absorbing energy at low temperature of QT400-18AL at —60 °C
- Jr# ke hili e/
PG/ MPa Jit 5 B /MPa /% 23 °C 0°C -20°C -40 °C -50 C -60 C
1 395.2 260 24.7 152 16.0 15.0 14.0 14.0 13.0
2 391.1 255 24.9 15.6 15.4 14.6 14.8 13.6 12.8
3 393.6 255 24.8 15.4 14.8 14.8 14.0 13.8 12.8
-1y 3933 256.7 24.8 15.4 15.4 14.8 143 13.8 12.9
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Fig. 3 The change curves of notch sample impact value and temperature for

ferritic ductile iron castings suitable for low temperature service

11~12 C, MnH0.3%MF0.1%0, MitEeZiRET
M2x(11~12 °C)=22~24 °C, PH[50.01%, MatEiE2s
TR 4~5 C, PHI0.04%4 %50.025%, U jfe 1tk 2 s
TRE T REL.5%(4~5 C)=6~7.5 C., JH%)5HMn, Pffi
JifG P 3R BE R [ T 28 ~31.5 °C, HEWY T Sit 1.9% T &
2.3% Bif JIT 14 I %) e P e A L B 4 (5.5 ~6.0 °C )=22~
24 °C, fHiF T -50~-40 Cypift. *TF (-60 C)
QT400-18AL, Mn <<0.10% , P <<0.025% A~ 7%, SiM
23%FE 2 1.9%, X H PR, PRUE T -60 CHIAY
il RIS R S Eah A2 — 3.
22 HiERAFUHBEARIEES

ERACET YRR IRk, F9E 3R Pk
BRI, 1 emRBUREA Y, UFRE A
(Si0,, FeO-MnO, ALO; #Eik50077 4>, Hr70%7E
0.2~1.0 pmXZ[]; FE AL LI, 1 emARFH
NZH 43004k (Mn, S, Fe-MnS) %, HR
FoA2~23 wm, XEEIEIAE BRI S SR T R
siBE N, HIMER TR, BOh R E AR
TR R DG

H ARE 2 G H5 A R AN T 35 6048 119 B 2R 43
BIFoE, K IRE A B4 (et FH 774 1) R 25 60% ~ 70% 2
TH NIRRT I A PTE, 0 PERR Y



SRR 7T B N R SR AS ik

BK 55 85 £k

AL 30%~40%. b, GRERARBRSEHE LA
I PEREAKT, MRl nig e — EE Y,
TEHLAR S FER B FASE AT o

(1) RAmEmaidg, Smaidgk S5k, ME%ER
TR ER BB R ER AL A IR SR . — R BRI K90%
PAEs TR ERIEFI A, Mg ds il 7£0.03%~
0.045%, W/ H, WA KR AT grp
BRALI THEICZETi. As. Sn. Sb. Pb. Bi. AIZ#fT
FeRs R, IR ERAL TR EK, RAE, K =4.4Ti+2.0As+
2.3Sn+5.0Sb+290Pb+3ToBi+1.6A1 ¥, 11 K, >1, | 7E
20 mmBEEE Y EIRAE b IR AS A B TR A A

BREREIRK <0.60 AEFEHLAKZ ) FH I 2 v I XU 2k
WA RNk, e R L,

K=0.22, MIM{HEERIE TR B HRARFRE . 7E3 608
POREERAC, BRIEREFEL~29, WE4FTR,

o 2 R ER AR 1 P - PR L AR TR R R . AR A
BUBA A8 2P <0.025%, Mn<0.1% 5 2l 4%,
NIRRT ERL G i ER i Mn . PROMRS &, PRI SN
T Bl 2470.013% ~0.026% , Mn 3% 213 [l 47 0.040% ~
0.133%. BG4, #— PP TE <0.025%,
Mn<<0.1%. Mn. P75 i REAR 2 R AR 9 - Jifa 1 5 28 i
JE 1 SR I AE o

F11 BHEEHUERS
Table 11 The chemical compositions of high—purity pig iron
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Fig. 4 The spheroidal graphite of (-40 ‘C) QT400-18AL
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Fig. 6 The S content of melt iron before nodularization and Mgy, . REjy; content after nodularization
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Table 12 The impact absorbing energy of ferrite ductile iron with as cast and anneal 1]
5iH 0cC -20C -40 C -50 C
USRI -1 DL T2 e -1 W -1
IR A& 21.0, 18.4, 194 19.6 17.5, 19.0, 18.8 18.4 13.2, 9.3, 11.0 11.2 8.0, 6.1, 6.5 6.9
Bk 19.5, 19.5, 194 19.5 17.8, 19.4, 19.8 19.0 17.3, 17.3, 158 16.8 13.7, 129, 142 13.6
Ty B 20.8, 20.7, 202 20.6 16.8, 18.0, 172 173 109, 112, 11.0  11.0 7.6, 7.6, 1.3 7.5
FEPEN 20.3, 19.3, 209 20.2 19.2, 19.6, 20.0 19.6 15.6, 16.3, 14.1 153 12.8, 13.5, 13.0 13.1
%13 (=50 °C)QT400-18ALZER ER B THIVEIER O£ Ih
Table 13 The V shape notch impact energy of (-50°C) QT400-18AL at different temperature 1J
HiH W/ C
A -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
1 2 3 3 3 4 5 10 11.5 12.5 12 12 13 12 13
2 2 2.5 3 3 6 6 6.5 11.5 12 13 13 12 13 14
3 - 2 2.5 3.5 4 10 11 12 13 13 14 13.5 12
WE 2 2.5 2.83 3.17 4.67 5.67 8.83 11.3 12.17 12.17 12.67 13 12.83 13
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Fig. 7 The impact-temperature curve of (=50 ‘C )QT400-18AL
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Table 14 The section cleavage area and plastic-brittle change of samples at different temperature

R/ C
WiH G’
-130 -120 -110 -100 -90 -80 -70 -60 -50 —40 =30 20 -10 0
1 98 86 79 82 73 60 40 26 41 13 15 11 5 4
i PR TR S 2 93 87 85 70 68 60 46 45 22 11 13 8 9 5
BT /% 3 98 91 82 74 68 62 56 41 20 19 19 9 10 5

IH 963 88 82 753 69.7

60.7 473 37.3 27.7 14.3 15.7 9.3 8 4.7

100

0
Tt e DR B T

0
-140 -120 -100 -80 -60 -40 -20 0 10

P8 ity I I M PR T AR A 22 1

Fig. 8 The section cleavage area change of impact fracture
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Fig. 9 The relationship of temperature, impact energy, fracture

morphology for (-50°C )QT400-18AL
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Fig. 10 The truck of high speed train
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Fig. 11 The quality control flow chart
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Table 15 The statistical result of (-40 °C JQT400-18AL truck journal box
BLRLEEE/MPa A% -40 “C v Wy
BR Eanich FEE BN EWan(ch FEE 2R Ewanich FEE
=400 400.0~425.5 403.1 =18 20.0~30.7 26.1 =12 12.1~17.8 143
£R16 (-50~-40 °C )QT400-18AL%E (A Z2HFE I L F X &
Table 16 The chemical compositions of QT400-18AL truck journal box at —-50~-40 °C
SyE| JEERBC SRS Si Mn P Mgy, REy
FORE 3.6~3.9 <0.015 2.1~2.4 <0.10 <0.025 0.03~0.05 <0.015
A geiHE 3.62~3.83 0.005~0.017 2.04~2.35 0.067~0.095 0.016~0.025 0.031~0.049 0.011~0.018
17 (-40 “C)QT400-18ALKKEE S RHKESEEMNGITER
Table 17 The statistical result of melt iron temperature and S content for (-40 °C )JQT400-18AL
BRI/ C JRS & /%
Bk SiitA FHME R it FHE
1500~1 550 1493~1 527 1510 <<0.02 0.001~0.025 0.013
18 (-40 °C)QT400-18ALU Z M NGt R
Table 18 The statistical result of chemical compositions for (-40 °C )QT400-18AL wp/%
C Mn P Si S
R guME CPE Bk SeiHE CPWME 2Rk goME CPME 2SRk SuE PE Rk SuiME M

3.6~3.93.528~3.900 3.710 =<0.100.040~0.138 0.076 =0.0250.012~0.028 0.021 2.1~2.42.029~2.442 2208 =<0.0100.003~0.016 0.009
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Fig. 12 The statistical result of remnant Mg, remnant RE and nodularization time for (-40°C) QT400-18AL
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Table 19 The microstructure of (-40 °C )QT400-18AL (5) Aft/NEIAEI0 *CFE-130 °C E’J {[:IJI—’_E{E 5B
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